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Abstract 

The present invention discloses a method for executing search of the most desired target 
cell when mobile station MS is switched ON in UMTS systems, such as a 3GPP CDMA-LCR 
(low chip rate) of 1 .28 Mcps-TDD (time division duplex) mode and TD-SCDMA of the same 
(time division-synchronized CDMA). The signal of the MS antenna is the sum of various RF 
downlink frames from various carriers in the allotted frequency ranges. A DL synchronization 
time slot and a BCCH TSO are both transmitted at full power in the frames. The first contains 
one of 32 SYNC codes allotted to the cell base. According to the prior art, when there is no 
preceding knowledge due to the absence of a common downlink pilot, the MS can realize 
correlation of the received frames in all of the 32 SYNCs stored in said MS for detecting the 
BSIC of a cell pertaining to power measurement for the channel raster of all of the frequencies 
stored in an SIM card. According to the 2-step method of the present invention, for power 
measurement, without interfering with the correlation step, operation is performed with 2-step 
scanning of the PLMN band. When the last frequency is selected, the frame related to it becomes 
the unique correlation frame. In the transformation, a frame period of about 5 ms is required for 
at least one frame period of the whole 1 5 mHz band, and the transformed A/D and digital set are 
stored. Rough scanning is executed such that the digital set is multiplied by the digital IF 
adjusted by the step width of the channel band (1.6 MHz) on the edge of the 15 MHz band, and 
the baseband signal is filtered with a Root Raise Cosine low-pass filter. The 5 ms baseband 
signal is subdivided into 15 blocks of half time slots (337.5 jis), and the power of each block is 
measured. The power of the highest power block indicates the priority order of each frequency. 
The highest power values are set in a spectral table together with the load index of each frame. 
The load index is the proportion of the time slot in the loaded frame nearly equal to the highest 
power block. The three highest power frequencies are selected by means of continuous scanning. 
A second step search is executed just like the first search. For the IF step, the width at the current 
time is 200 kHz, and it only covers 1.6 MHz surrounding a selected frequency. A last frequency 
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is selected for the continuous correlation step. The frequency error of the MS reference 
transmitter is amended with data addition technology and a constitution value stored for 
continuous connection (Figure 9). 
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Claims 

1 . A method for an initial cell search characterized by the following facts: 
in the initial cell search method of a cellular telephone network, which transmits wireless 
signals, such as plural modulated carriers, in an allotted band from the downlink of one or 
several transmission/reception base stations (BTSl, BTS2) to at least mobile station (MSI), the 
transmitted signals are subdivided in advance into frames having a prescribed period; the frame 
is subdivided into plural timeslots containing synchronization timeslot (DwPTS) and timeslot 
(TSO) related to service channels (P-CCPCHl, 2) that transmit information pertaining to the 
transmitting cell; both timeslots transmit at or near the highest permissible power; said 
synchronization timeslot (DwPTS) contains the synchronization sequence (SYNC) indicating the 
service channel for receiving the identification information of the transmitting cell, and, when 
mobile station (MS) is switched ON, the following steps of operation are performed: 

a) a step in which scanning is performed for a band with a bandwidth roughly equal to the 
channel bandwidth of said modulated carrier (1 .6 MHz) and with the bandwidth allotted in first 
frequency steps in agreement with a channel raster sent as a notification to the mobile station for 
transforming the channel band of the scanning fi'equency to the baseband so that the initial 
digital set becomes at least one frame period; 

b) a step in which the following operation is performed: for each first frequency step 
(1.6 MHz), the initial digital set is subdivided into sequential blocks with a fixed period, and the 
power of each block is computed; a priority order corresponding to the highest power block is 
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allotted to the scanning frequency, and the scanning frequency at least having the highest priority 
order is signal leveled; 

c) a step in which the fr)llowing operation is performed: in second frequency steps with 
the same bandwidth as the adjacent position of the raster (200 kHz), the peripheral channel band 
of the selected frequency/frequencies is scanned, and the channel band of the scanning frequency 
obtained for the second digital set length of at least one frame period is transformed to the 
baseband; 

d) a step in which the following operation is performed: for each second frequency step 
(200 kHz), the second digital set is subdivided into sequential blocks with a fixed period, and the 
power of each block is computed; the priority order corresponding to the highest power block is 
allotted to the scanning frequency, and the scanning frequency having the highest priority order 
is selected; 

e) a step in which the last frequency having the highest absolute priority order among the 
frequencies selected in steps b) and d) is selected; and 

f) a step in which said synchronization sequence is distinguished from the second digital 
set of the last frequency and the transmitting cell is identifred. 

2. The method for an initial cell search described in Claim 1, characterized by the fact 
that in step a), the following operation is performed: 

all of said allotted wireless frequency bands are transformed to intermediate frequency 

IF; 

said IF signal is converted from an analog signal to a digital signal, and said digital set is 
stored (in a buffer) during at least one frame period of all of the allotted bandwidth; 

the stored digital set is scaimed by means of the digital intermediate frequency IF 
transformed in said first frequency steps (L6 MHz) so that its digital set is multiplied, and said 
first digital set is obtained from the output of the baseband filter (RX filter) having the channel 
bandwidth. 

3. The method for an initial cell search described in Claim 2, characterized by the fact 
that in step c), the following operation is performed: 

said stored digital set is scanned by means of the digital intermediate frequency IF 
transformed in said second frequency steps (200 kHz) for the selected channel band of 
frequency/frequencies so that the digital set is multiplied, and said second digital set is obtained 
from the output of said baseband filter (RX filter). 

4. The method for an initial cell search described in Claim 1 , characterized by the fact 
that in step a), the following operation is performed: 
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the channel band of the frequency scanned with said first frequency steps (1.6 MHz) is 
converted to intermediate frequency IF; 

said IF signal is converted from an analog signal to a digital signal, and said digital set in 
at least one frame period is stored (in a buffer); 

and said stored digital set is multiplied by fixed digital intermediate frequency IF, and 
said first digital set is obtained from the output of the baseband filter (RX filter) having the 
channel band. 

5. The method for an initial cell search described in Claim 4, characterized by the fact 
that in step c), the following operation is performed: 

the channel band of the frequency scanned with said second frequency steps (200 kHz) is 
converted to intermediate frequency IF; 

said IF signal is converted from an analog signal to a digital signal, and said digital set in 
at least one frame period is stored (in the buffer); 

and said stored digital set is multiplied by fixed digital intermediate frequency IF, and 
said second digital set is obtained from the output of the baseband filter (RX filter). 

6. The method for an initial cell search described in any of said claims, characterized by 
the fact that the first frequency steps have a bandwidth equal to half the channel bandwidth. 

7. The method for an initial cell search described in any of said claims, characterized by 
the fact that at least for a subset of the scanned frequencies, the frame load index (%Busy) is 
computed as the proportion of the timeslots (TSO, ... TS6) with power over that of a preset 
portion (S) among the power in the highest power block, and the highest frame load index 
decreases the priority order of the selected frequencies having nearly the same priority order. 

8. The method for an initial cell search described in any of said claims, characterized by 
the fact that said preset portion (S) is 3/4 the power of the highest power block. 

9. The method for an initial cell search described in any of said claims, characterized by 
the fact that said digital set lasts through plural frame periods, and the power of the sequence 
blocks is averaged as calculated for plural blocks. 

10. The method for an initial cell search described in any of said claims, characterized by 
the fact that the frames of the adjacent transmission/reception stations (BTSl, BTS2) are taken as 
frames synchronized with each other. 

1 1 . The method for an initial cell search described in any of said claims, characterized by 
the fact that the period of each block spans half a timeslot. 

12. The method for an initial cell search described in any of said claims, characterized by 
the fact that the synchronization sequence transmitted with the synchronization timeslot 
(DwPTS) is taken as one of N synchronization sequences related to the cells in a one-to-one 
relationship, and, it is taken as the synchronization sequence (SYNC) of said transmitting cell 
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distinguished by correcting the second digital set correlated to the last frequency of the 

N synchronization sequences stored in mobile station (MSI) and by selecting the one generating 

the highest correlation peak. 

13. The method for an initial cell search described in any of said claims, characterized by 
the fact that the three frequencies scanned and having the highest priority order are selected in 
step b). 

14. The method for an initial cell search described in any of said claims, characterized by 
the fact that the timeslots are shared by means of encoding division. 

15. The method for an initial cell search described in any of said claims, characterized by 
the fact that the timeslots are divided into two groups; the first group is taken as a group for 
receiving a downlink signal, and the second group is taken as a group for transmitting an uplink 
signal. 

16. A mobile station characterized by the following facts: the mobile station is for use in 
a cellular system telephone network that operates as follows: wireless signals, such as plural 
modulated carriers, are transmitted in an allotted band from the downlink of one or several 
transmission/reception base stations (BTSl, BTS2) to at least mobile station (MSI), the 
transmitted signal is subdivided in advance into frames having a prescribed period; a frame is 
subdivided into plural timeslots containing synchronization timeslot (DwPTS) and timeslot 
(TSO) related to service channels (P-CCPCHl, 2) that transmit information pertaining to the 
transmitting cell; both timeslots transmit at or near the highest permissible power; said 
synchronization timeslot (DwPTS) contains synchronization sequence (SYNC) indicating the 
service channel for receiving the identification information of the transmitting cell; the mobile 
station has a frequency conversion means (RX filter, RF local oscillator, IF filter, IF local 
transmitter), analog/digital converter (ADC), and baseband processor (baseband processor RX) 
connected to a SIM card containing a channel raster of the permissible frequencies in the allotted 
band; in addition, it contains a memory buffer (buffer) that stores the data with one or several 
frame periods modulated, and a firmware that controls the baseband processor and executes the 
steps of the initial cell search method described in Claim 1 . 

17. The mobile station described in said claim characterized by the following facts: 
said frequency conversion means contains a wireless frequency local oscillator (RF local 

oscillator) and an analog mixer; it converts the entirety of the wireless frequency band allotted to 
the band of the analog band-pass intermediate frequency filter (IF filter); 

said analog/digital converter (ADC) is arranged downstream of said intermediate 
frequency filter (IF filter), and it digitally converts the entire allotted band; 

said memory buffer (buffer) is arranged downstream of the analog/digital converter 
(ADC), and it stores the digital set of the entire allotted band. 
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18. The mobile station described in said claim, characterized by the fact that 
said frequency conversion means also contains a numerical intermediate frequency 
transmitter (IF local oscillator) according to either said first frequency steps or said second 
frequency steps, and a digital multiplier that converts the band of the scanned frequency to the 
channel band of the baseband filter (RX filter). 

Detailed explanation of the invention 

Technical field 

[0001] 

The present invention pertains to a wireless mobile system, or, more specifically, it 
pertains to a method for an initial cell search that can perform an initial cell search in a timeslot 
system and the constitution of a mobile station (MS). 

Prior art 
[0002] 

In order to detect a cell, an initial cell search is performed in switch-ON by an MS. 
Reliable decoding for the downlink data from the cell is possible, and the cell has a high 
probability of communication on the uplink. According to the novel third-generation PLMN 
(Public Land Mobile Network), said PLMN has said characteristics added to those of the existing 
PLMN, and processing of an initial cell search becomes significantly problematic for a MS 
(mobile station) due to the presence of plural operating bands and various synchronization 
requests. 

[0003] 

Figure 1 shows a simple scenario of the general wireless frequency that may face mobile 
station (MSI). According to the scenario shown in the figure, there are three cells, that is, cell (1) 
where MSI is set, and two adjacent cells, that is, cell (2) and cell (3). MS2, which may become 
an interference, is located in cell (3). Here, with a comer-excited constitution, the cells act as 
BTSs (transmission/reception base stations (only BTSl and BTS2 are shown here)). Two 
different PLMN systems, that is, PLMNl and PLMN2, share the same BTS. The analog signal of 
MSI is the sum of the various RF frames arriving from the different carriers (carriers) 
corresponding to two systems. PLMNl is one of the following systems based on CDMA (code 
division multiplex access) technology, that is, 3GPP (3^^ Generation Partnership Project) UMTS 
(Universal Mobile Telecommunication System). In the related 3 GPP, the UTRA (Universal 
Terrestrial Radio Access) interface is specified. The UTRA standard establishes the minimum 
RF characteristics of the FDD (Frequency Division Duplex) and TDD (Time Division Duplex) 
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modes. The 3.84 Mcps (Mega-chips-per-second) FDD mode is known as W-CDMA (wideband). 
On the other hand, the TDD mode contains the 3.84 Mcps HCR (high chip rate) option and 
1.28 Mcps LCR (low chip rate) option. The characteristic feature of 1.28 Mcps standard is that it 
was jointly developed by a partnership of the present patent applicant and the CWTS (Chinese 
Wireless Telecommunication Standards). TD-SCDMA (time division synchronization CDMA) 
radio transmission technology (RTT) developed based on it has been proposed as 3GPP by the 
CWTS Committee. For the system, as the main feature, synchronization is taken for BTS 
between adjacent cells, so that different from the last version, the same physical layers as 
UTRA-LCR-TDD are adopted. PLMN2 may be one of the following types of PLMN, namely, 
GSM900 MHz (Global System for Mobile Communications), DCS 1800 MHz similar to said 
system (Digital Cellular System), GPRS (General Packet Radio Service), and EGPRs (improved 
GPRS) that allows management of the packet data. In PLMN2, fsEACi and fsEACi refer to the two 
beacon carriers broadcast by means of BTS 1 and BTS2, respectively. Each beacon carrier 
complies with known cluster regulations for allotment of frequency, and it accompanies the 
subset of the GSM carrier used in the cell. In PLMNl, it is considered that the CDMA carriers 
are not limited to three for each cell. For the cluster regulation of GSM, instead of obligation to 
PLMNl, PLMNl differs from PLMN2 in that according to the traffic plan, the adjacent cells 
may use the same or different frequencies. In the following explanation, MS and UE will have 
the same meanings as BTS and BS (base station). 

[0004] 

The communication authority of the country usually allots the frequency bands to various 
PLMNs to avoid overlapping or mutual interference. In Tables 1-4 of Appendix A, all of the 
standard frequency bands for said PLMNs are contained. With an initial cell search, a list of the 
permissible cells of the selected PLMN after sorting with falling priority order (by means of 
virtual PLMNl shown in Figure 1) is obtained. If the list is not empty, MS selects the cell with 
the highest priority indicating presence in the network and access to the service is selected. 
Because the wireless interface constitutions of different standards are different, for the initial cell 
search using MS, although the filing standard of a priority order list according to decrease in the 
power of the received beacon carrier (GSM) or beacon channel (CDMA) is for general purpose 
use, there are certain characteristic features for the selected PLMN. The power measurement of 
the initial cell search is usually performed with MS. For MS, because in practice, the carrier used 
for broadcasting the system information is not known, the MS should search all RF channels in ^ 
the various selected PLMN operating bands. In order to execute said search at high speed, MS 
may optionally store the list of carriers used by the selected PLMN in the last operation (the 
carrier used is a subset of the permissible carriers) in the SIM card (Subscriber Identity Module), 
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a nonvolatile memory that allows the operation of MS. In order to execute the operation 
perfectly, an MS that has been set in the cell repeatedly performs the cell selection treatment and 
cell re-selection treatment instead of the initial cell search. 

[0005] 

In order to appropriately set the technical topic to be addressed by the present invention, 
various physical layers and the related cell search treatment must be considered. Figures 2a and 
2b concern GSM. Figure 3 concerns UTRA-FDD. Figure 4 concerns 8.84 Mcps UTRA-TDD. 
Figure 5 concerns both UTRA-TDD and TD-SCDMA of 1.28 Mcps. Here, GSM is based on 
both FDMA (frequency division multiplex access) technology and TDMA (time division 
multiple access) technology. On the other hand, for a UTRA system, for multiplex access, 
CDMA is annexed with an entirely different scheme. It is well known that CDMA can be 
realized by performing addition judgment for the codes of the K-bit stream of the baseband sent 
from Kl users, and each stream can be obtained by multiplying (modulating) the bits over- 
sampled for the original signals by means of the K2th diffusion sequence obtained from 
K orthogonal groups (because Kl < K2 and K2 < K, a single user can handle more than one 
code), the so-called OVSF (Orthogonal Variable Spreading Factory Codes). The original channel 
band obtained in said modulation is expanded, and the information is expanded to a wide CDMA 
channel band. CDMA is different from GSM. Since adjacent CDMA cells can use the same 
frequency, CDMA adopts different system logics to distinguish various cells from each other. 
Various pilot sequences related to midambles and scramble code groups allotted based on the 
cells are used in the system in order to distinguish between adjacent cells. The cycle shift of the 
midambles and the synchronization sequence are also used for more detailed distinguishing of 
the interior of a service cell. Figure 2a is a diagram illustrating an example of a GSM signal 
multiframe for intermediate/small size BTSs (wireless base station). As shown in Figure 2b, the 
signal multiframe contains 51 basic frames, with each frame having a length of 4.615 ms. 
Characters F, S, B and C stand for the following, respectively: FCCH (Frequency Correction 
Channel), SCH (Synchronization Channel), BCCH (Broadcast Control Channel), and CCCH 
(Common Control Channel). Here, Figure 2b shows physical bursts of FCCH and SCH downlink 
channels. An FCCH burst, in order to be able to correct the clock frequency of the MS oscillator 
when the burst is received (and can be easily recognized), contains 142 usefiil bits with logic 
level "1." An SCH burst contains a 64-bit "synchronization sequence" and 2x39 encryption bits 
at the midamble position. Normally, an SCH burst receives with an 8-timeslot delay (45.6 ms) 
from an FCCH burst. Consequently, a mobile that has corrected its own clock frequency can 
correctly identify the position of the synchronization sequence of the received burst, and the 
instant of start of the timeslot and the frame. For an initial access to the network or as a 
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synchronization requirement for the GSM mobile in the original idle state, there is a delay of 
45.6 ms. The encryption bits contain information needed to restructure the frame number FN to 
complete the synchronization treatment, or they contain the BSIC field (base station 
identification code) for use by the mobile, and BCCH carriers (beacons) of the servicing cell are 
distinguished from the BCCH carriers of the adjacent cells. The BCCH channel is for 
construction of system information of downlink for conventional use, such as the channel of the 
cell, and for diffusion of the list of BCCH carriers of the adjacent cells that perform level 
measurement, identifier of the location area, and several parameters for cell selection and 
re-selection operation, complete cell identifier, operating parameters of the MS in the idle mode, 
and random access parameters. The channels of CCCH in two directions contain three 
subchannels. The first subchannel is an AGCH (Access Guard Channel), the second subchannel 
is a downlink PCH (Paging Channel), and the third is an uplink-common RACH (Random 
Access Channel). Concerning the means of the initial cell search, when the fact that the scanning 
frequency is the beacon frequency is recognized by means of the FCCH channel, MS starts to 
search the FCCH channel. If not, scanning is performed with frequency number N+1. When the 
FCCH channel is detected, the frequency and frame synchronization mechanism explained 
briefly above and executed by means of two FCCH and SCH channels detect the start of timeslot 
TO and the frame. Consequently, power measurement of the FCCH, SCH and BCCHY channels 
is possible. These channels operate at frill power and continuously transmit for cell search, cell 
selection and re-selection, and handover. The power measurement pertaining to each beacon 
frequency is recorded in the priority order list. The selected cell is one of those related to the top 
carrier ofthe priority order list. 

[0006] 

Figure 3 is a diagram illustrating the basic wireless synchronization frame of 3GPP 
UTRA-FDD (W-CDMA) (see List 4 of 3GPP TS25.21 1, Version 4.2.0 (2001-09)). A downlink 
frame has a length of 10 ms, and each contains 38400 chips belonging to 15 timeslots 
TS0,...TS14 each having 2560 chips. The initial 256 chips of each timeslot are allotted to the 
downlink synchronization channel SCH for use in the cell search. Said SCH channel consists of 
two subchannels, that is, first SCH and second SCH. Their digital pattern is not orthogonal to the 
other diffusion channels, and can be distinguished from other diffusion channels even in a noisy 
environment. The first SCH consists of a 256-chip modulation code known as the first 
synchronization code (PSC), and its code is also the same as that of the cells in the system. The 
second SCH consists of a 256-chip modulation code known as the second synchronization code 
(SSC). The code is transmitted parallel to the first PSC. SSC code represents Cs'**^ when i = 0, 
1,... 63 represents the number of the scramble code groups, and k = 0, 1, .... 14 represents the 
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timeslot number. Each SSC code is selected from a group of 15 codes of a length 256. The 
second SCH sequence indicates the code group where the downlink scramble code of the cell 
belongs. Other important downlink control channels are the first common pilot channel 
(P-CPICH) and the first common control physical channel (P-CCPCH). Here, the P-CPICH 
channel has the following characteristic features. Each cell has one, and only one, P-CPICH. It is 
broadcast from all cells, and it is scrambled by a fu-st scramble code allotted by means of the cell 
base. Said P-CPICH channel is used for distinguishing the scramble code group of the cell. The 
P-CCPCH channel is the physical channel with a fixed rate for transmission of the BCH 
transmission channel (30 kbps, SF = 256). Said SCH, P-CPICH and P-CCPCH channels are 
continuously transmitted at full power for all cells for the initial cell search. With regard to the 
cell search (see 3GPP TS25.214, Version 4.2.0, 2001-09, Release 4), it is usually executed in 
three steps at each scanning frequency. 

Step 1 

Slot synchronization: During the first step, UE uses the first synchronization code of SCH 
to realize slot synchronization for the cell. This is usually performed by means of a single 
matched fiUer (or similar device) for matching all cells with a common PSC code. Slot timing of 
the cell is possible by detecting the peak in the output of the matched filter. On the other hand, 
the frequency of the reference oscillator of UE can be adjusted to meet specifications. 

Step 2 

Frame synchronization and code group identification: During the second step, UE uses 
the second synchronization code of SCH to determine the frame synchronization, and identifies 
the code group of the cell obtained in the first step. This is performed by means of correlation of 
the received signals with all possible SSC sequences and identification of the maximum 
correlation value. Because the cyclic shift of the sequence is unique, the code group and the 
frame synchronization are determined. 

Step 3 

Scramble code identification: During the third and last step, the UE correctly determines 
the first scramble code used by the obtained cell. The first scramble code is usually identified for 
each symbol (symbol-by-symbol) with the code group identified in the second step via CPICH. 
After identification of the first scramble code, the first CCPCH is detected, and the system and 
cell unique for the BCH information can be read. When information concerning the searched 
scramble code is received, UE can easily perform said steps 2 and 3. 
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[0007] 

The power measurements corresponding to various scanning operations are recorded in 
the priority order list. The first scramble code is related to the top carrier in the priority order list. 
Usually, power measurement is possible in SCH, P-CPICH and P-CCPCH channels. In the initial 
cell search, by means of measurement of the reception power corresponding to only the first 
SCH channel, high speed operation can be realized for overall firequency scanning. 

[0008] 

Figure 4 is a diagram illustrating a basic wireless synchronization frame of 3GPP 
UTRA-TDD at 3.84 Mcps (3 GPP TS525.221, Version 4.2.0 (2001-09), Release 4). This frame 
has a length of 10 ms, and each contains 38400 chips belonging to 15 timeslots TSO,... TS14 
each having 2560 chips. The purpose of the SCH channel is similar to that of UTRA-FDD shown 
in Figure 3. The SCH frame contains one or two SCH timeslots away from each other by 8 in 
position (such as TSO and TS8). One first SCH and three second SCHs are set side-by-side. Said 
first SCH and second SCHs have delays that are offset from the start of the timeslot. The first 
common control physical channel (P-CCPCH) is set at a position (timeslot/code) for identifying 
the physical synchronization channel (PSCH). The broadcasting channel (BCH) is a downlink 
common channel inapped to the P-CCPCH channel with respect to information unique for the 
broadcasting system and the cell. In consideration of the purpose of the measurement, the 
physical channel at the prescribed location (timeslot, code) has prescribed physical 
characteristics known as beacon characteristics. The physical channel having the beacon 
characteristics is called a beacon channel, and it is set at a beacon location. The beacon location 
is determined by the SCH channel. The overall effect of the beacon channels is that a beacon 
function is provided, e.g., a reference power level of the beacon locations. In this way, the 
beacon channels should be present in each wireless frame. With this definition, it can be seen 
that a P-CCPCH channel always has beacon characteristics. Concerning the cell search, at each 
scanning frequency, the initial cell search is usually performed in the same three steps as the 
steps in the case of said UTRA-FDD, and the standard of the top list cell selection is also .the 
same. 

[0009] 

Figure 5 shows the basic TD-SCDMA wireless fi'ame. Its basic fi'ame (see 3GPP 
TS25.221, Version 4.2.0 (2001-09) Release 4) has a duration of 10 ms. It is divided into two 
5-ms subframes. In the frame length of 10 ms, the various subfi'ames have the same frame 
constitution. A multiframe refers to a module of N frames. Each 5-ms subframes has data of 
7 timeslots (TSO, ... TS6) of 6400 chips (Tc = 0.78125 ^s) subdivided into three special slots 



known as DwPTS (Downlink Pilot Time Slot), GP (Main Guard Period), and UpPTS (Uplink 
Pilot Time Slot). By adopting an appropriate constitution of the switching point as the numbers 
and results of the downlink and uplink timeslots, TS-SCDMA can operate in the symmetric 
mode and asymmetric mode. In the constitution, at least one timeslot (timeslot #0) should be 
allotted for downlink, and at least one timeslot (Timeslot 1) should be allotted for uplink. The 
data burst in the lower-left portion of this figure contains a central midamble and two identical 
data portions. The data portions diffuse by means of a combination of the channel code (OVSF 1, 
2, 4, 8 or 18) and the scramble code. The scramble code and basic midamble code are constant in 
the cell. Simultaneous users of Kl sharing the uplink timeslot can be distinguished from each 
other by means of a Kl shift version of the basic midamble code. The DWPTS burst in the 
lower-right portion of this figure contains guard period GP and the SYNC sequence of 64 chips 
for use in downlink frame synchronization. Figure 6 is a diagram illustrating the 32 usable 
SYNC sequences that characterize the DwPTS pilot, 32 related scramble code groups, the 
relationship of the code groups to the midamble, and the TD-SCDMA standard for sharing the 
midamble shift with K = 16. It can be seen from Figure 6 that because SYNC and the basic 
midamble code group have a one-to-one relationship, the UE can recognize which four basic 
midamble codes are used. Then, the UE can use a trial-and-error scheme to determine the basic 
midamble code actually used. The same basic midamble codes are used throughout the frame. 
Because each basic midamble code is related to a scramble code, the scramble code is known by 
that time. 

[0010] 

The first common control physical channels (P-CCPCH 1 and P-CCPCH 2) are fixedly 
mapped to the first two code channels of time slot TSO by 16 diffusion factors. The P-CCPCH 
channel is a beacon channel that continually transmits (like DwPTS) with an antenna pattern 
adopted over the whole cell range. The broadcasting channel (BCH) is a downlink common 
transmission channel mapped to the P-CCPCH 1 channel and P-CCPCH 2 channel with respect 
to information unique for the broadcasting system and the cell. BCH always transmits in TSO 
together with the midamble code obtained by means of a first time shift from the basic midamble 
code. The location of the BCH blocks interleaved in the control multiframe is indicated by means 
of modulation using the QPSK (quadrature phase shift modulation system) of the DwPTS pilot 
pertaining the midamble code. Concerning the initial cell search, by means of the 3GPP 
specifications (TS25.224, Version 4,2.0, 2001-09, Release 4), the initial cell search is usually 
performed in four steps. 
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Step 1 

During the first step of the search of DwPTS, the UE can reahze DwPTS synchronization 
with respect to a cell using (DwPTS's) SYNC. This is usually done by means of one or several 
matching filters (or similar devices) in agreement with the selected SYNC-DL received from the 
FN sequence set. Said one or several matching filters (or similar devices) are used for this 
purpose. During this treatment, the UE should identify which of the 32 usable SYNC sequences 
is used. On the other hand, the frequency of the reference oscillator of the UE can be adjusted so 
that the specifications (0. 1 ppm) are met. 

Step 2 

Scramble and basic midamble code identification: During the period of the second step of 
the initial cell search treatment, the UE determines the midamble and the related scramble code 
of the kth data burst. According to the result of the correct midamble code search, the UE goes to 
the next step, or it may return to step 1 . 

Step 3 

Control multiframe synchronization: During the third step of the initial cell search 
treatment, the UE searches the MIB (Master Indication Block) of the multiframe of the BCH. 
According to the result, the UE goes to the next step, or it may return to step 2. 

Step 4 

Read of BCH: The (complete) broadcast information of the cell found in one or several 
BCHs is read. According to the result, the UE may return to the preceding step, or the initial cell 
search may be terminated. 

[0011] 

The explanation of the prior art usually includes almost all well known digital PLMNs. 
Third-generation cellular systems other than 3GPP have characteristic features that allow wide 
use in standardization. 

Disclosure of the invention 

Problems to be solved by the invention 

[0012] 

Abstract of technical topics to be addressed 

In consideration of the worst case in which when a mobile station is switched on, it does 
not have existing knowledge of the carrier used for broadcasting of the system information by 
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the system, the sound procedure of the initial cell search scans all permissible carriers within the 
operating band of the selected PLMN. The sound procedure can provide reliable information for 
path loss of the scanned carrier. Consequently, the mobile station performs measurement 
corresponding to at least one beacon channel needed for detection on the other side during this 
period. Detection of the beacon channel means detection of all related physical elements formed 
by the beacon channel according to the selected PLMN. The first physical element considered is 
the frequency. The second physical element is that the baseband digital signal is temporarily 
subdivided into discrete time intervals (bursts, timeslots, subframes, frames, multiframes, etc.). 
The third physical element is the digital pattern transmitted with the beacon burst. The physical 
elements specially characterize the beacon channels used in the PLMN under attention in the 
prior art. It is effective to note the following features. 

• GSM uses the frequencies of FCCH and SCH as well as the time synchronization 
patterns common to the entire system. In addition, the SCH channel includes the BSIC for 
identifying the cell that transmits the received FCCH and SCH beacons. 

• During a downlink operation, the 3GPP UTRA-FDD and 3GPP UTRA-TDD 3.84 Mcps 
option use the first SCH subchannel common to the entire system for timeslot synchronization, 
and the second SCH channel and CPICH channel are used to obtain a cell-based scramble code 
group and single scramble code. 

• For the 3GPP UTRA-TDD 1.28 Mcps option or TD-SCDMA, all cells use well known 
32 DwPTS downlink synchronization sequences. One of said 32 DwPTS sequences is allotted to 
a single cell for obtaining the respective scramble code group and the single scramble code. 

[0013] 

The procedure of the initial cell search has the same number of scanning steps as the 
number of permissible carriers. In each scanning step, the operation includes selection of the 
carrier, detection of the beacon channel for transmitting appropriate cell information, and 
measurement of power in the channel bandwidth when a beacon channel is generated. The 
scanning raster is 200 kHz for said PLMNs. The channel bandwidths are significantly different. 
That is, 200 kHz for GSM, 5 MHz for 3GPP UTRA-FDD and the 3GPP UTRA-TDD 3.84 Mcps 
option, and 1.6 MHz for the 3GPP UTRA-TDD 1,28 Mcps option and TD-SCDMA. The 
selection of the carrier is effectively performed. However, for detection of the beacon sequence, 
time for calculating a correlation between the received sequence and the known beacon pattern 
(or plural patterns) is required. In addition, there are the following features: 

• For GSM, the speed can be very high for searching of the beacon channel by means of 
the FCCH channel indicating the SCH channel and with a delay of 8 timeslots. The FCCH can be 
detected very quickly. The correlation with the SCH can be simplified by means of a short 



correlation window derived from detection of the preceding FCCH. By means of detection of an 
SCH pattern, frame synchronization in the BCCH channel corresponding to timeslot TO of the 
next BCCH frames and the resuhing power measurement are possible. In the GSM system, the 
initial cell search is quick and easy. 

• In the case of 3GPP UTRA-FDD and the 3GPP UTRA-TDD 3.84 Mcps option, because 
the first code is even longer (256 chips as compared with 64 bits) and a frequency correction 
channel that directly indicates the SCH channel does not exit, detection of the first SCH becomes 
less economical than GSM. Although the situation is complicated, SCH detection can be 
completed in a reasonably short time with unification of the SCH pattern to the overall system. 
For said unification, only correlation is needed together with generation of the SCH sequence at 
each timeslot (2560 chips). Once timeslot synchronization is performed, other steps for obtaining 
CPIC and CCPCH beacons of the unique cell can be significantly simplified by means of the 
short correlation window. Power measurement of CPIC and CCPCH for recording the priority 
order list is inevitable. As a result, the initial cell search is not economical for the unique 
adaptive degree concerning GSM. 

•In the case of the 3GPP UTRA-TDD and TD-SCDMA systems of 1.28 Mcps, at each 
frequency of the initial cell search procedure, only the step of "DwPTS" is required for the UE 
such that all 6400 chips of the frame are correlated with one sequence with a length of 64 chips 
of 32 SYNC sequences. Such formidable task (long correlations of N-frequencies x 32) is much 
larger than the computing power of the UE to in fact make a reasonably high speed cell search 
impossible. 

[0014] 

Objective of the present invention 

The main objective of the present invention is to provide a method for an initial cell 
search that can solve the problems that occur in TD-SCDMA and all similar systems. 

[0015] 

Another objective of the present invention is to provide a treatment that enables 
correction of error in frequency when a target carrier has been selected. 

[0016] 

Yet another objective of the present invention is to provide a mobile station that can 
realize the method described in the claims. 
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Means to solve the problems 
[0017] 

Abstract and advantages of the present invention 

In order to realize the aforementioned objective, the present invention provides a method 
for an initial cell search as described in the method claims. In addition, the objective of the 
present invention is a mobile station that can realize the method described in the claims as shown 
in the device claims. 

[0018] 

As described in the claims of the present patent application, according to the method of 
the present invention, frequency scanning in the related band is finished before transition to the 
correlation step for cell detection. Without entering the correlation step, by means of only the 
spectral information generated from the transmission power, frequency scanning is performed 
continuously in the band. This is a novel scheme with respect to the cellular system of the prior 
art. In the prior art, steps of frequency scanning are interleaved with the correlation step by a 
pilot channel common to the overall system (such as FCCH and SCH bursts of the GSM, or the 
P-SCH burst used in both W-CDMA and UTRA-TDD-HCR). A detailed description concerning 
initial frequency scanning, such as the method of the present invention, does not exist. The 
characteristic features disclosed are useful for those systems, and the common pilot is not 
predictable in synchronization of downlink of the mobile station. The only synchronization tool 
is a group of synchronization sequences correlated one-to-one with the cells. The method 
presented has the advantage that interleaving for correlation that can hardly be handled in each 
frequency step does not exist. In addition, because only subsets of all permissible frequencies are 
tested, for 2-step frequency scanning, which is rough in the initial step and fine in the later step, 
the scanning operation has a rather high speed. By generalizing the method, it can be adopted in 
systems other than TDD, and sorting is easy in said systems where a common pilot is present. In 
this case, 2-step frequency scanning is finished initially, and then the finally selected frequency 
digital set and the common synchronization burst SCH in the overall system are correlated, so 
that the initial cell search can have a high speed. In the case of GSM, this treatment method leads 
to both BSIC and BCCH channels with a single correlation step. On the other hand, for 
W-CDMA and UTRA-TDD-HCR, all possible second SCHs (16) and a continuous correlation 
step are needed. In both cases, the overall number of correlations is much smaller than with the 
conventional approach. The novel treatment of the present invention is in analysis of the state of 
power evaluated for a prescribed time period of the signal (usually a fi"ame). The treatment is 
needed because a continuous pilot channel is not present in the system. 
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[0019] 

, With regard to power measurement, a baseband frame (5 ms) is stored at each frequency 
step. The stored signal is subdivided into blocks spanning a period of half of a timeslot, and the 
power of each block is computed. The blocks with a size of half of a timeslot form an optimum 
selection for TD-SCDMA. In the TD-SCDMA, P-CCPCH and Dw-PTS occupy two adjacent 
timeslots, and, by appropriately changing the length, matching with other PLMNs is possible. As 
a result, the shape of the power envelope influences a trade-off relationship between the need for 
attenuation and the need to save the unitary concept of timeslot, so that a significant change in 
the envelope along a timeslot will not occur. Because the raster is usually shorter than the service 
burst, the effective final standard for PLMNs other than TD-SCDMA is the standard of having a 
block length at least half the period of a synchronization sequence. This standard maximizes the 
peak of the power envelope. 

[0020] 

According to the present invention, for each scanning carrier, the highest power block of 
the frame is stored in a spectral table of the MS, and the carrier related to the highest power 
block is selected by means of raster scanning. The same standard is used for selecting the target 
carrier. This standard is simple, and it is reliable in almost all real states. If an MS arranged in a 
first cell and that arranged in an adjacent cell are transmitted at the same frequency (the system 
concerned is CDMA-TDD), the MS corresponds to the common frequency, and the power as the 
sum of the signals received from both cells is measured. It corresponds to all timeslots. The 
common carrier is registered in the MS spectral table with the power of the highest power block 
so that the result is obtained only from two cells. The sum of the power received from the two 
cells increases the probability of selection of the common frequency. Even in such environment, 
the successive correlation step can distinguish between the SYNC code of the two cells and 
insufficient cross correlation by means of sufficient automatic correlation characteristics of the 
SYNC code. In the method of the present invention, downlink synchronization of adjacent cells 
is not strictly required. However, as a characteristic feature, it is especially useful for a TDD 
system of mobile stations located between two cells. As to be explained below, in such case, 
more realistic selection by means of frame synchronization is possible. 

.[0021] 

According to the method of the present invention, the "load" of a frame as a new index 
appropriate for an initial cell search is additionally introduced. The frame load index is computed 
from the state of the power envelope along the concerned frame, and this index corresponds to 
the proportion of timeslots of the computed power threshold. The frame load index is favorably 



contained in the spectral table near the highest power block (see %Busy in Figure 12). Under 
certain assumptions, this index gives some idea concerning whether the timeslots in the frame 
are busy. An "unloaded" frame has a higher probability, and it contains more vacant timeslots 
than an "unloaded" [sic; "loaded"] frame. If two carriers have the same highest power block 
power, selection of the carrier with the lower load index increases successful attempts of call 
setup on average. At least one timeslot (DwPTS, TSO) is transmitted at the highest power or near 
the highest power, so the aforementioned selection standard based on the highest power block 
permits selection of the low-load frame. The state of a reliable frame load index occurs with high 
reliability indoors, or the MS is far from the cell boundary, so that influence of adjacent cells is 
not significantly received. Inside an isolated cell or nearly isolated cell, frames with the same 
load index contain the same number of busy blocks. If not, the block overruns the power 
threshold with the adjacent cells being a significant factor, so that it may become busy. As a 
result, the busy index is not reached. 

« 

[0022] 

In the TD-SCDMA or other wireless access systems based on the time division duplex 
(TDD) mode, frame timing synchronization is an important characteristic feature for minimizing 
interference and optimizing the provided traffic capacity. Frame timing synchronization can 
respond to synchronization of slots, frames, multiframes or hyperframes of BTSs of the network. 
Time slot synchronization can avoid interference of a wireless link of a timeslot that formerly 
influenced the wireless link of two timeslots in adjacent cells. Frame synchronization guarantees 
that the uplink and downlink transmission direction is determined at least for adjacent cells. At 
the same time, the receiving mobile (MSI in Figure 1) does not become saturated due to the 
nearby transmission mobile (MS2 in Figure 1) arranged in the adjacent cell (cell (3)). Control 
multiframe synchronization guarantees that logic channels (such as PCH, BCCH, ...) of the same 
type are broadcast by adjacent cells in the same time frame. As a result, high speed cell 
re-selection is possible in MSs without interruption when related system information is detected. 
Frame timing synchronization can be realized with various methods or combinations thereof. 
That is, just as disclosed in International Patent Application No. WOOl/17137 filed on July 24, 
2000 by the present patent applicant, by transmitting synchronization pulses via a cable, a BTS 
together with a GPS (Global Positioning System) receiver is possible, and by detecting a time 
reference signal, finally synchronization of the base station in mutual space can be realized. 



Optimum embodiment of the invention 
[0023] 

The characteristic features of the present invention are novel, as described in the annexed 
claims. In the following, an explanation will be given in more detail regarding the present 
invention together with its objective and advantages with reference to application examples 
together with annexed figures. However, the present invention is not limited to the application 
examples. 

Appendix A: Tables 1 A-4A contains all standardized frequency bands for the most popular 
PLMNs. 

Appendix B: Table IB shows the number of repetitions of the frequency scanning method. 
Appendix C: Tables 1C-7C list the test environment background and the results of useful 
simulations for testing of the method of the present invention. 

[0024] 

Detailed explanation of the invention 

Figures 1-6 have been explained above. Figure 7 shows an example of a narrow band 
constitution free of restriction in a BTS transmitter of the prior art. This transmitter contains a 
BSC (Base Station Controller) interface for transmission of a protocol message related to carrier 
transmitters of the same number as that of planned carriers in the cell. Each carrier transmitter 
contains at least the following blocks: baseband processor TX, QPSK modulator, two equivalent 
RRC (Root Raise Cosine) type TX filters with a low-pass channel band (1.6 MHz), an IF 
oscillator (digital), an adder (SUM), and an RF-TX. Said baseband processor TX receives the 
protocol message and treats messages according to the specifications. In particular, baseband 
processor TX generates traffic and control transmission frames, as well as multiframes diffused 
to K-channels according to Figure 5. Said QPSK modulator generates in-phase and in-quadrature 
I, Q frames filtered by the two TX filters. The I, Q frames are digitally converted to intermediate 
frequency IF, and they are added by digital adder SUM. As a result, TX frames carry out general 
treatment from the viewpoint of transmission (described in detail with respect to the block of 
RX-TX), and they are then under the RF-TX of the succeeding block. Wireless frequency signal 
Si(t) is a QPSK modulated carrier that transmits the TX frames in the microwave spectrum with a 
channel bandwidth of 1.6 MHz. The final RF (radio frequency) signal includes carriers 
Si(t), ... Sp(t) dispersed and modulated in the PLMN band. 



[0025] 

Figure 8 shows an appropriate UE receiver for realizing the method for an initial cell 
search of the present invention. The constitution shown in the figure is a widely adopted general 
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type that can be used in a second-generation MS receiver. Received signal r(t) arrives at a 
band-pass RF filter, and the filtered signal is down-converted to IF by means of an analog mixer 
piloted by a signal generated by an RF local oscillator. The analog IF signal is then filtered by a 
band-pass IF filter, and is sent to an analog/digital converter ADC. The output of the ADC block 
is connected to a memory buffer having a capacity for accommodating at least about 5 ms of the 
digital signal arranged in it according to the arranged hardware option. By means of both of the 
hardware options, the memory buffer can have a capacity for accommodating about 5 ms of the 
digital signal, and the memory capacity also depends on the number of samples used to indicate 
each single chip (that is over-sampled). With regard to the output of the buffer block, the digital 
signal is divided into two portions that are sent to the first inputs of two equivalent digital 
multipliers, respectively. The input to the second multiplier is piloted by two signals different 
from each other by nil in the phase of the IF signal generated by a numeric IF oscillator. For the 
output of the multiplier, two baseband components I, Q of the in-face and in-quadrature types are 
generated. The two components are filtered by the two equivalent low-pass RX filters of RRC 
type with a bandwidth of 1 .6 MHz. This value corresponds to roll-off a = 0.22 and the channel 
bandwidth B of the RRC filter at the chip rate of 1 .28 Mcps, where B = (chiprate x (l+a)). The 
I, Q filtered components are sent to a block with the name of baseband processor RX, and the 
baseband processor RX includes a ROM for storing a microprocessor, a related RAM, an 
input/output device, microprocessor firmware and the 32 SYNC sequences predicted for the 
system. Said baseband processor RX is connected to a SIM card, and a memory known as 
"spectral table" used in the cell search. The SIM card stores the related band and all carriers 
permitted in the band (channel raster). A block named terminal device is shown for 
completeness. Frequency scanning is executed based on two hardware options. These options 
depend on the constitution used, and they are performed by appropriately changing control 
signals RF-S and/or FF-S directly output to RF and IF. 

[0026] 

Usually, the constitution of the hardware for the UE is not restricted. Consequently, the 
following hardware options are usually arranged. 

1 . Both RF and IF filters have a bandwidth of 15 MHz, and the overall bandwidth is 
converted at the IF. Said analog/digital converter ADC treats the overall band based on the 
Nyquist standard pertaining to a sampling frequency of at least 30 MHz. The 5-ms single frame 
sampled at 30 M samples/s (or N fi-ames in the case of averaging by N) generates about 150 K 
samples that have to be stored in the buffer memory. Frequency scanning is executed such that 
the stored digital sets are increased by changing the digital IF fi-equency in the step for sequential 
baseband conversion for the evaluation fi-equency (rough or fine). In this case, the RF-S signal is 



fixed, and the FF-S signal is changed a little at a time. The frequency conversion technology of a 
digital signal is well known. Also, especially for a digital IF oscillator, from the ROM that stores 
a group of N2 digital samples acquired from a sinusoidal wave (1/4 period is sufficient), 1 
sample is read from N sequential samples, and a frequency N times the fundamental frequency is 
generated, so even more favorable operation is possible. By means of various samples of N2, 
sinusoidal signals can be represented in a number equal to the largest integer smaller than N2/2. 
For digital muhiplication, two signals should be input to each digital muhiplier at the same rate. 

2. Both RF and IF filters have a bandwidth of 1.6 MHz, or, the RF filter has a broadband 
while the IF filter has a bandwidth of 1.6 MHz. In the step of (rough or fine) conversion of 
frequency with IF for evaluation (of the superheterodyne), scanning is performed by changing 
the frequency of the RF local oscillator. When the bandwidth of the RF fiher is 1 .6 MHz, the 
RF-S signal that is changed a little at a time is also sent to the RF filter for adjustment of the 
selection frequency. The 5-ms single frame (or N frames when averaging by N) stored in the 
buffer memory is related only to the selected chaimel. In this case, the sampling frequency is at 
least 3.2 MHz, and the buffer memory stores about 16 K samples. The stored digital set is 
multiplied by the IF frequency, and the selected channel is converted to the baseband. In this 
case, the FF-S signal is fixed. 

[0027] 

Said first option has a characteristic feature that scanning is performed at even higher 
speed. Especially, when the multiplied set has to be stored for averaging treatment, a large 
capacity buffer is needed. As a matter of fact, according to the hardware option that is arranged, 
soon after switching ON of the UE, the firmware starts frequency scanning, and an intermediate 
result is written in a spectral table. Once the final frequency is selected, the microprocessor 
terminates the demodulation, the acquired signal is correlated with SYNCs permanently stored in 
the UE, and the target SYNC, the related code group, the midamble, etc. are detected. Once the 
target cell is detected, the processor performs frequency error correction for a reference oscillator 
(not shown in the figure) of the UE. The reference oscillator should have outstanding stability 
better than about 10 ppm. The error of the reference oscillator is due to temperature shift and the 
initial fixed error. The required stability, for example, may be realized by using a TCXO 
(temperature compensated crystal oscillator) as the reference oscillator. A commercially 
available TCXO has a stability corresponding to about +/- 2.5 ppm in the temperature range 
of -30°C to +75°C and a fixed error of about +/- 2 ppm. Frequency error correction requires a 
frequency change of only 200 Hz. In the allotted overall PLMN band, as a method for realizing a 
frequency step in the range from the order of one MHz to hundreds of Hz, well known 
technology of a frequency unified network based on PLL (Phase Locked Loop) in a linearly- 



formed multiloop constitution is available. At this point, the RF and IF local oscillators are 
phase-locked to the reference oscillator, and all transmitters of the UE belong to the frequency 
unified network. For the frequency unified network, control signals RF-S and FF-S are received 
from the microprocessor, and appropriate frequency steps proceed. All oscillators of the UE are 
locked to the reference frequency, so that all errors generated by the oscillator should be used in 
the correction (to be explained later) if the aforementioned error restriction is not significant. 

[0028] 

With reference to Figure 9, the method for the initial cell search consists of the following 

steps. 
Step 1 

A data set of about 5-ms is required. The data in the UE antenna are the sum of several 
signals indicating a prescribed number of TD-SCDMA frames that operate at various carrier 
frequencies (by modulation). Each modulated carrier frequency channel band has a bandwidth of 
about 1.6 MHz. Table 4 A lists all examples of TD-SCDMA bands. As shown in the figure, in the 
right column of fi-equency (RFN), the state of occupation of various bands is listed. For details, 
the nominal channel interval is 1 .6 MHz, and the channel raster is 200 kHz while the carrier 
frequency should be a multiple of 200 kHz. 

Step 2 

In the related band, a rough search is performed. A search frequency step of 1.6 MHz is 
selected, but the step is also a portion of the search, and the channel filter is 1.6 MHz. At each 
frequency, the data power is evaluated by a power computing treatment (to be explained later). 
The spectral table shown in Figure 12 contains the spectral power of the analyzed PLMN band. 
From said spectral table, the subset of "more favorable frequency" is defined as the frequency 
related to the highest power in the table. The number of more favorable fi-equencies is arranged 
to be 3. The number of repetitions in the 15 MHz band is 8 (or 9 since it depends on the 
frequency of start of the scanning treatment) (Table IB). 

Step 3 

The second search roxmd is performed on the periphery of the "more favorable 
frequency" determined in the preceding step. The same treatment is performed for power 
calculation. The step is 200 kHz, and the channel filter is always 1 .6 MHz. The spectral table is 
refi-eshed. The repetition number is 4x2x3, and the sum of the repetitions hitherto is 32 
(Table IB). The result of the second search round is a candidate frequency. The two scannings 



are initially shifted a little for the overall RF spectrum, and operation proceeds as an analysis 
window with a size of 1.6 MHz (as the channel bandwidth), and then operation proceeds in a 
narrower area, and the spectral power in the window is measured. When the window fully 
overlaps the spectrum of the channel, the absolute highest power is measured (see Figure 10a). 
The constitution of the double scanning in the channel raster allows detection of the target 
frequency by means of fewer search steps than all the frequencies of the raster. 

Step 4 

The target cell is selected using a "SYNC detection algorithm" based on the result of the 
aforementioned frequency scanning. Once a SYNC is detected, the SYNC refers to information 
related to the TSO BCH channel, midambles, scramble code group, and target cell. 

Steps 

* 

In the value of the target frequency determined at the end of the double scanning, an error 
with a size of about 20 kHz is predicted. Consequently, the frequency error of the reference 
oscillator inside the UE is corrected. If this frequency offset were not corrected, significant 
degradation would occur in performance for both reception of a downlink and transmission of an 
uplink. Due to problems related to downlink, poor decoding occurs in information bursts. Here, 
correction of the reference oscillator is a basic treatment included in the synchronization 
treatment executed after switching ON. With the return information of the SYNC code, the target 
frequency can be set near the optimum value. 

[0029] 

In the following, an explanation will be given in more detail regarding the 
aforementioned steps. 

Step 1 

A set of 6400 + 80 = 6480 chips is required. Because the required set is subdivided into 
the integer value of a block of the same size as that of a half timeslot, the 80 chips are in excess 
of the length of the frame, so power computing is simplified. 

Step 2 

In Table IB, the sum of repetitions executed in the case of rough frequency steps equal to 
1.6 MHz and 0.8 MHz is compared for analysis of both 15 MHz and 20 MHz bands. The rough 
frequency steps are selected to agree with the raster frequencies. With reference to Figxires 10a 
and 10b, the two rough frequency steps are compared with the assumption of ideal reception. 
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From such comparison, it can be understood that while the power observed in a rough step of 0.8 
MHz is about half that in the case of a rough step of 1.6 MHz, it is about 3/4 the ideal signal 
power, and the number of steps of 0.8 MHz is doubled. With reference to Figure II, consider the 
treatment of power calculation adopted in both rough scanning and fine scanning. The required 
data set is divided into 15 blocks of 432 sequence chips so that it is half a TD-SCDMA timeslot. 
In each block of the current frequency ft, power P(fi) of the collected data is computed using the 
following equation: 
[Mathematical Equation I ] 



Here, Bw represents a 432-chip block window, and VIk and VQk represent the effective values of 
the baseband components of the in-phase and in-quadrature modes of the kth chip. At the current 
search frequency ft, the power of the highest power block is allotted. As to be explained later 
with regard to simulation, poor wavelength propagation inappropriately includes frequency 
rough scanning, so the operating fi-equency of the BTS is not observed, and the filter scanning is 
useless at this point. Failure to observe the frequency means that the power of the highest power 
block is equal to the noise threshold of the concerned frame. In such case, the result can be 
improved by means of averaging more frames. Here, averaging is possible using the following 
two schemes. 

- According to the first scheme, 1 frame is executed in one round, and rough scanning is 
executed in N rounds, and the results are averaged, 

- According to the second scheme, N continuous frames are obtained, and the power 
values of the corresponding blocks are summed for each new frame, and the average value of the 
N fi-ames is obtained. 

Even with averaging, residual operating frequencies not observed in the detailed range 
for the operator after a certain number of tests may exist. In this case, for the chance of addition, 
the microprocessor can start scanning at frequencies in another range where the UE can operate. 



In consideration of a scenario of weak interference between adjacent cells, the power 
distribution envelope along the frame influences the load of the various timeslots and their 
dovmlink/uplink (up/down arrows in Figure 1 1) in practice. In this case, the load of the 
frequency analyzed can be indicated using power measurements. It is assumed that blocks with 
equal power have the same load. The treatment consists of the following steps. 




[0030] 
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- The 15-block power value Pi of the acquisition window is stored. 

- Maximum value Pmax is selected. 

- Threshold S, such as (3/4)Pmax, is selected. 

- Counter n is incremented for every Pi>SxPmax. In this case, n represents the number of 
blocks having nearly the same power as Pmax and with the same load as that of Pmax* 

- According to the equation of %Busy = 

( n X 13 w X 1 0 0 ) / (864X7. 5 ), the proportion of timeslots having the 
full load of a frame is computed. The value of 7.5 is obtained from the ratio of an acquisition 
window (6480 chips) to a timeslot (864 chips). The frame load index %Busy has a value of 40% 
in the case shown in Figure 1 1 . This index is evaluated for the highest power frequency of 
K (K > 1 ), and it is stored in the spectral table near the power of the highest power block. The 
frame load index obtained in this way is not reliable in the following two states. 

- First, when the SN ratio (SNR, the Signal to Noise Ratio) is low (for example, < 0), a 
low-load frequency may become fiiUy loaded due to noise. 

- Second, when the channel rapidly varies, such as a vehicle (120 km/h or 250 km/h), a 
frame having a frill load may seem lightly loaded due to a hole of fading. 

In the two cases, by means of averaging of more frames, a higher reliability for the index 
%Busy is possible. 

As shown in Figure 12, one can understand that the spectral table consists of two tables. 
The first table is for rough scanning, and the second table is for fine scanning. In order to 
simplify, in the figure, the rough scanning table lists only 8 frequencies with possible values for 
Pmax and %Busy. After said table is completed, with the selection standard allotting a higher 
priority order to a frequency of higher power block, frequencies f?, U and fi are selected in 
sequence from the lowest priority. With said selection, when the effective advantage is observed, 
doubt exists concerning f2, and the frame load index is included in determining it. Frequencies f2 
and fs differ by only 0.2 dB, and fi is busy while fs is unloaded during this period. In this case, it 
is preferred that fs be selected, so its priority order be over fi. 

Step 3 

The power computing in the second search round is the same as that of the initial 
scanning. Fine frequency steps are selected to match the raster frequencies. At the end of this 
step, the spectral table is complete, and a candidate frequency fcell is selected during recording 
of the fine scanning table. 



* 
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Step 4 

An error of about 10 ppm is assumed since such error is allowed by the "SYNC detection 

algorithm." The position of DwPTS is determined by means of analysis of the correlation 

between the received signal and the 32 SYNC codes. Due to interference, AWGN (added white 

Gaussian noise) and channel fading, averaging of the analysis of a prescribed number or more 

frames is necessary. The performance of the algorithm is improved in the case of observation in 

the averaging window of plural frames, but the treatment time is significantly longer. Because 

the position of the DwPTS is unknown, based on the fact that the MS computes with correlation 

over the length of all frames, the main role is played from the viewpoint of the complexity of the 

computing operation. Here, two known possibilities are displayed, namely, correlation by means 

of an FIR (Finite Impulse Response) filter and correlation by means of FFT (Fast Fourier 

Transformation). First, consider the correlation by means of a FIR filter. In this case, if the 

complex symbol of the SYNC code is shown as Si (i = 1 , 64), the coefficients of the FIR filter 

become the bonding symbols aj = s*64-i (i = 1, 64). There are 32 SYNCk sequences 

(k = 1, 32) and many ak matched filters. For 32 correlations ci. A, C32, when r(n) is the 

receiving burst, one has 

[Mathematical Equation 2] 
6400 64 . . 

^* = Z£K«-0^i4» c*=i 32) 

Peak analysis is performed by means of the modulo of the correlation signal cr, so it is necessary 

2 2 
to obtain squared value Ck for all 6400 values of the 32 correlation signals. The highest peak Ck , 

(k = 1, 32) refers to the position of DwPTS in the frame, and thus BCH TSO, the code of 

SYNC selected out of 32, the corresponding cell code group, and the basic midamble. The 

correlation by the matched filters contains a plurality of multiplication operations and a long 

initial delay. Here, consider the correlation by FFT. It is well known that correlation between two 

complex symbols can be performed by means of Fourier transformation: 

[Mathematical Equation 3] 

3() 

If a(t) and r(t) are two complex signals having the preceding means, said correlation signal c(t) 
can be represented by the following equation: 



[Mathematical Equation 4] 

a(t)Mi(-t) 

A(f) = 3k';] 

c(T) = ^-\A(f)R(f)] 

The same treatment can be applied to time discrete signals I, Q using the DFT (discrete Fourier 
transformation) algorithm. For the power when the number of samples for each signal is 
2 (N = 2*^), the request for computing of the Fourier transformation of the signal is significantly 
reduced by using the FFT algorithm, and the result of the complex multiplication operation 
becomes: 

[Mathematical Equation 5] 

It is listed in the following table. 



Table 1 



N 


64 


126 


266 


512 


1024 


N, N 


16 


384 


896 


2048 


4608 



For the synchronization algorithm, the analyzed signal is generated from 6464 complex samples 
(if DwPTS is located at the end of the receiving burst, 1 frame for obtaining the correct 
correlation is added to 64 samples). A satisfactory compromise is to set 512 fi'om N derived from 
15 windows by means of the fi'ame. The details of the DFT are known. Peak analysis is 
performed as in the aforementioned case. The number of multiplication operations can be 
reduced by means of added complexity reducing steps. 



Step 5 

For the target, with respect to the operation frequency of the BTS, with an accuracy of at 
least 0. 1 ppm, the operation frequency of the UE is set. For this evaluation, the 3GPP 
specifications of the narrow band TDD option are considered. This is performed from the 
viewpoint of wireless access concerning the present invention. The 3GPP specifications are 
shown. 
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- In the UE, the UE modulated carrier frequency has a precision within ±0. 1 ppm in 
observation for a period of 1 timeslot compared with the carrier frequency received from the BS 
(base station). Said signals clearly have errors due to BS frequency error and Doppler shift. In 
the latter case, signals from the BS must be averaged over a sufficient time permitted for a 
numeric value for error caused by noise or interference of ±0.1 pm or larger. The UE uses the 
same frequency source in both RF frequency generation and the chip clock. 

- In the BS, the modulated carrier frequency of the BS has a precision within ±0.05 ppm 
in observation of the period of each timeslot for RF frequency generation. 

[0031] 

The frequency error of the transmission carrier is kept in the limit of the specifications by 
the BS, so the error generated by the 2-step frequency scanning is mainly related to the error of 
the reference oscillator of the UE. Because the initially determined stored correction value can be 
used in normal operation, it is necessary to distinguish between the initial time when the UE is 
connected to the BS and normal operation. The frequency error in the worst case, and thus the 
restriction on frequency deviation of the reference oscillator of the UE, should be determined. 
Concerning the deviation, in the worst case, the BS may have an error of ±1 10 Hz from the ideal 
central frequency (frequency above 2.2 GHz), and added error is generated by Doppler shift, and, 
for the UE, movement at 250 km/h, this is about 460 Hz. If it is assumed that an error of about 
10 ppm is permissible by a continuous "SYNC detection algorithm," this corresponds to 
22000 Hz. Figure 13a shows the generated deviation in the worst case in the oscillator of a UE if 
both the Doppler shift and an error of ±1 10 Hz occur simultaneously (on the same side of the 
ideal frequency fjdeai of the BS). As shown in Figure 13a, fas is the frequency of the oscillator of 
the BS affected by a -1 10 Hz error. Here, fooppier represents the frequency of the oscillator of the 
BS affected by Doppler shift, and fuE represents the frequency of the oscillator of the UE. In the 
worst case, the maximum deviation with respect to fuE corresponds to ±9.7 ppm, and it is 
2200 - 1 10 - 460 = 21430 Hz. This condition is derived from the TCXO of the UE, 

[0032] 

In order to realize a precision of ±0. 1 ppm (±220 Hz) pertaining to the frequency of the 
BS, the frequency error of the UE should be corrected by means of the scheme of "Data Aided" 
appropriate for using knowledge of a training sequence of the received signal. The starting point 
corresponds to arrival of the frame alignment to the end of step 4 due to the precision of half of a 
chip. Two frequency correction possibilities are disclosed, and, in order to change the frequency 
of the local oscillator to the desired value, RF-S and/or FF-S control signals are used. The first 
possibility is indicated by the following repeated approach. 



« 
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- By means of a third frequency with a size of about 1/10 the interval of the wireless 
frequency, selection is performed in step 3, scanning is performed with a wireless frequency 
interval around the fmal carrier fcell with the same size as the maximum frequency deviation of 
the reference oscillator of the UE, and, in the channel band of the scanned frequency, a third 
baseband digital set length is obtained in at least the time of 1 frame. 

- For each third frequency step, the target SYNC detected in step 4 is correlated by 
means of the third baseband digital set, and the position and size of the new maximum 
correlation peak are stored. 

- The frequency that provides the absolute maximum peak is selected. 

- By means of the fourth frequency step of a magnitude of precision that is generally 
needed, it is selected as the third frequency step, and scanning is performed at a wireless 
frequency interval around the preceding frequency with its magnitude, and the fourth baseband 
digital set length is acquired in the time of at least 1 frame in the channel band of the scanned 
frequency. 

- For the fourth frequency step, SYNC detected in step 4 is correlated by means of the 
fourth baseband digital set, and the position and size of the maximum correlation peak are stored. 

- The maximum frequency that gives the maximum absolute peak is selected. 

- RF-S and/or FF-S control signals are stored, and the reference oscillator of the UE 
continuously connected is corrected. 



method with the precondition of frame alignment and a frequency deviation with a magnitude of 
1 0 ppm. The evaluation of the frequency offset by error 
[Mathematical Equation 6] 



uses the relationship proposed in the following reference: M. Luise, R. Reggiani, IEEE (Carrier 
Frequency Recovery in All-Digital Modem for Burst-Mode Transmissions), (Transactions On 
Communcations), Vol. 43, No. 2/3/4 published in February 1995. With reference to said 
reference, with r(t) taken as the chip length of SYNC code N = 64, the evaluation of frequency 
correction becomes 
[Mathematical Equation 7] 



[0033] 



The second possibility of reducing the frequency error is indicated by the open loop 



A/ 
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In this case, k represents the kth chip of r(t), and M represents an integer whose optimum value is 
approximately N/2 when N » 1 . 
[Mathematical Equation 8] 

[Mathematical Equation 9] 

A represents the delay of alignment of the received data by means of the training sequence (in the 
chip), and ai (aia*i =1) represents the matrix symbol of the SYNC code. The precision of the 
open loop constitution can be improved by averaging the following evaluation value by means of 
plural frames: 

[Mathematical Equation 1 0] 

The value determined in this way 
[Mathematical Equation 11] 

A/ 

is used to correct the reference oscillator of the UE. In addition, this value is stored for 
continuous connection. 

[0034] 

Once the frequency of the reference oscillator of the UE is known with the desired 
precision (0. 1 ppm), the offset value between the ideal value fideai of the reference table 
(SIM card) and the value set in TCXO becomes the corrected value stored in a nonvolatile 
memory. Its value represents the corrected value for the next synchronization treatment. The 
corrected value can have three errors pertaining to the stored ideal frequency, namely, the error 
of the preceding BS (up to 1 10 Hz), error that may be caused by Doppler correction (up to 
460 Hz), and error caused by the UE (up to 220 Hz). As shown in Figure 13b, when the three 
errors simultaneously occur and they are added to obtain a value of 790 Hz, the worst case takes 
place. Each time the frequency is locked, the corrected value can be refreshed, and, in this way, 
the problem pertaining to the lifetime of the oscillator can be avoided. 



[0035] 

As shown in Figure 1 3c, after the UE searches the frequency, and the new BS frequency 
error and the Doppler shift have opposite signs with respect to the preceding state, the worst case 
may take place. In this case, the absolute error is the sum of the preceding synchronization 
(790 Hz) error and the error of the current state. That is, the absolute error is 1360+A8. Here, Ae 
indicates error related to the temperature and the frequency shift. 

[0036] 

According to the present invention, for the 2-step frequency scanning of the initial cell 
search method, testing is performed by means of computer simulation. The propagation state 
considered in the simulation includes: 

• Noise 

• Path loss 

■ Multipass due to the Doppler effect 

[0037] 

The noise is additive white Gaussian noise due to the power that varies according to the 
SNR as the output of the RX filter in the UE, and it is the SNR set in the simulation. The path 
loss is added to a multi BTS scenario, and it is proportional to the path loss of the BTS nearest 
the UE of 0 dB. A quick variation in the signal due to multipass and the Doppler effect is 
simulated by a discrete broad-sense steady state non-correlated scattering (WSSUS) model. In 
this model, the received signal is represented as the sum of delayed replicas of the input signal 
with a load due to various processes of the independent complex Gaussian time with zero 
average. The considered multipath variation environment and the relative value for use in the 
simulation are reported in TRIOI 1 12, and they are listed in Table IC. For a simulated frame, the 
BCH channel and the equal-power DwPTS pilot are always contained in timeslot TSO of the 
highest power (Figure 1 1). In other timeslots TSs, according to the simulation, there are the 
random data and midamble of Busy for TSs or zeros for empty TSs. The frame is QPSK 
modulated with the carrier, and it is filtered by an RRC filter such as the RX filter shown in 
Figure 7. The assumptions of the simulation are listed in Table 2C. In Table 2C, for the BTS and 
the UE, the worst-case value of the fi-equency error is selected. The simulation is performed 
initially with a single BTS, and it is then performed with two BTSs. In the initial case, the BTS 
works by means of a single carrier and various SNRs in various environments. The results of the 
simulation are grouped in Tables 3C, 4C and 5C. The following are numerical values of the 
parameters. 



• Pe = the probability of observing the operating frequency of the BTS 

• Pc_5 = the probabiHty of error due to averaging of 5 continuous frames 

• Pe_9 = the probabiHty of error due to averaging of 9 continuous frames 

[0038] 

From the results obtained from a single BTS, the following are some comments on the 
frame load, indoor/vehicle environment, average depth, and sample rate. 

• Frame load: In the worst case, the BS transmits the frame under low load. For example, 
this takes place when only the BCH and DwPTS are transmitted at full power. As a best case, all 
frames are transmitted at full power. 

• Environment: Under a low frame load, an indoor channel and a vehicle channel perform 
rather similarly. Under a high frame load, improvement is seen in the results of simulation. 
Because a zone significantly influenced by attenuation can be quickly passed, improvement 
occurs especially in a case in which the MS speed increases. 

• Averaging: By means of averaging of the results for several frames, the performance of 
the frequency scanning treatment can be improved, and, in the environment of a vehicle at a 
speed of 120 km/h, the probability of error can be reduced to almost zero even with a negative 
SNR. By means of the simulation, especially in the environment of a vehicle in which the 
Doppler spectrum is not constant, a little improvement has been observed by using a rough 
frequency sep of 0.8 MHz instead of 1 .6 MHz. 

• Sample rate: By decreasing the sample rate from 16/Tc to 8/Tc, the frequency scanning 
related to it does not deteriorate. For example. Table 4C lists only the results of the case of a 
vehicle at, e.g., 120 km/h. This is true in both the environment of a vehicle and an indoor 
environment. 

[0039] 

Here, considering the multi-BTS scenario, the presence of two BTSs is simulated. Each 
BTS works at a single frequency (Fi for BTSi and F2 for BTS2). The numeric values of the 
following parameters are determined. 

• PI = the probability of finding Fl to be the frequency of the highest power 

• Pel = 1 - PI = the probability of non-selection of Fl as the frequency of the highest 

power 

■ P2 = the probability in finding F2 to be the frequency of the highest power 

• Pe2 = 1 - P2 = the probability of non-selection of F2 as the frequency of the highest 

power 
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■ Ptot = the probability of finding Fl or F2 

■ Pc = 1 - Ptot = the probability in not finding either Fl or F2 

[0040] 

Tables 6C and 7C summarize the results of simulation for indoor and vehicle channels. 
From these results, it can be seen that the probability of not finding a frequency that allows 
operation with two BTSs is low in the case of one BTS with one operating frequency. 

[0041] 

Appendix A: Tables 1 A-4A contain all reference frequency bands in the most common PLMNs. 

Table 1 A: Frequency bands of GSM-GPRS (TDMA-FDD) 





FBN 


1 MS-^BTS 


BTS MS 


RFN 


P-CSM 900 


GOOD 


890 - 915 


935 * 980 


131$RFN^255 


E-GSM 900 


0001 


880 - 915 


025 - 980 


81 ^ RfH i 255 


R.CSM 900 


0010 


878 - 915 


921 • 960 


61 S RFN i 255 


DCS 1800 part a 


0011 


1710- 1785 


1805 • 1880 


1 S RFN ^ 255 


DCS 1800 partb 


0100 


1710-1785 


1605 - 1880 


O^RFN^ 118 


PCS 1900 part a 


0101 


1850 - 1910 


1930-1990 


1 S RFN ^ 255 


PCS 1900 partb 


0110 


1850 * 1910 


1930 • 1990 


05 RFN s 43 



Key: a System 

The carrier interval is 200 kHz. Here, FBN = frequency band No., RFN = radio frequency No. 
By means of divided parts a and b, only one byte must be used for the type of RFN. 

Table 2A: Frequency bands of 3GPP UTRA-FDD (W-CDMA 3.84 Mcps) 





UE-»nMteB 


node B -» UE 


190 MHc 


1920- 1080 


2110-2170 


aOMHz 


1850 > 1910 


1930-1990 



Key: a Classification of TX-RX frequencies 

The carrier interval is 5 MHz, while the carrier raster is 200 kHz. 



■ 
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Table 3A: Frequency bands of 3GPP UTRA-FDD (HCR 3.84 Mcps or LCR 1 .28 Mcps) 

©r 



1900-1920 M« 
2010.2025 PJHz 



1050-1910 MHr 
1930-1990 MI^ 



1910-1^30 MH2 



Key: 



Frequency range of uplink and downlink transmission 



The carrier interval of LCR is 1.6 MHz, and it is 5 MHz for HCR. On the other, hand, the carrier 
raster is 200 kHz in both cases. 

Table 4A: Frequency bands and occupation of frequency bands of 3GPP UTRA-FDD (TD- 
SCDMA 1.28 Mcps) 



FBN 


BAND 


RFN 


Fraq(RFN) 




1785-1805 


OiRFNs92 


1785.8 ♦0.2x(RFN-1) 




1900- 1020 


0£RFN^92 


1900.8 ■»0^(RFN-1) 


0010 


1920- 1980 part a 


0£RFN$255 


1920.8 •»0.2>c(RFN-1) 


0011 


1920 -1980 part b 


0$RFNS38 


1971.8 * 0.2XRFN 


O10O 


1980 - 2010 


0 i RFN 5 142 


1980.8 •»0.2x(RFN-1) 


0101 


2010 ■ 2025 




2010.8 * 0.2x(RFN-1) 


0110 


21 10 -2170 part a 


0£RFN:S255 


2110.8 +0.2x(RFN-1) 


0111 


21 10 . 2170 part b 


0<RFN$36 


2161.8 * 0.2xRFN 


1000 


2170-2220 


0^RFN$242 


2170.8 + 0.2x(RFN-.1) 



The carrier interval is 1.6 MHz, while the carrier raster is 200 kHz. 



[0042] 



Appendix B: Table IB lists the number of repetitions of the frequency scanning method. 



I 



I 
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Table IB: Repetition of 2-step frequency scanning 



IS UHttantf 



20A3HztMral 



© 



lit 



0.8 



6 



3 O0?fttt»lQCt 



07 



11 



0^ 



a 



0J» 
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02 



23«3x4 « 35 



Key: a 



Rough frequency structure (MHz) 

Number of frequencies of rough search repetition 

Fine frequency step (MHz) 

Number of frequencies of fine search repetition 

Sum of repetitions in fine search of three frequencies of the highest power 



[0043] 

Appendix C: Tables 1C-7C list the background of the test environment and the results of 
the simulation used in testing the method of the present invention. 



Table IC: Explanation of attenuation of multipath due to TRIOI 1 12 



© 
© 





W <iaff 120Kft/h t 250Ka/h) 


CnsJ 


m ® 




tnsj 


tdB}(d) 




O.O 


0.0 


Oat 


0.0 


0.0 




50 


•3.0 


flat 


. 310 


-1.0 


classic 


110 


•10.0 


flat 


710 


-9.0 


classic 


170 


-18.0 


flat 


1090 


•10.0 


classic 


290 


•26.0 


flat 


1730 


•15.0 


ctassic 


310 


' -32.0 


flat 


2510 


•20.0 


dds^c 
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Key: 



a 
b 
c 
d 

e 



Indoor channel A (velocity of 3 km/h) 

Vehicle channel A (velocity of 120 km/h and 250 km/h) 

Relative delay (ns) 

Average power (dB) 

Doppler spectrum 



Table 2C: Assumptions of simulation. 

















;6 






KTc(rce0.7at2$M«} 
























6UHe 












0.6 MH< 


















220KZ 1 






•AWGM* rah Loss ♦WSSUS 1 



Key: a 



Simulator 
Bit rate 

* Samples of various chips 
Mismatch between chips in the worst case 
Acquisition table 
Block length 
Roll-off factor 
Analysis bandwidth 
IF filter bandwidth 
Rough frequency step 
Fine frequency step 
BTS frequency error 
UE frequency error 
Channel model 
MATOLAB [transliteration] 
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Table 3C: Indoor channel A, mobile velocity 3 km/h 



7 w-- A^iS 



BOCH+OwPTS ^h- 



® 



SiiR 


Pe |%J Pe„5J%) Pe^9(%J 




3 


3 


1.3 


1 0.6 


2880 


2 


4,4 


2.3 


1«6 


2880 


i 


5.7 


3.1 




2680 


0 


8.1 


5.4 


3.9 


2660 


-1 


' 11.4 


7.7 


5.6 


2880 


3 


2 


0.7 


0.1 


2860 


2 


3.1 


1.2 


0.3 


2880 


1 


4.5 


1.8 


1 


2880 


0 


7 


3.5 


2.5 


2880 


-1 


8.4 


5.2 


3.5 


2880 



Key: 



a 
b 
c 
d 



Frame load 

Number of simulated frames 
BCCH+DwPTS only 
Full load 



Table 4C: Channel A of vehicle, mobile velocity 120 km/h, performance versus sample rate (S 



© 



7 fc^ 



P9 1%} Po«.6f%) 



I 



© 



© 



3.7 



6 



2 



«l.7$ 



0.7 



1,3 



1.4 



36 



a2 



t.6 



045 



O.OtS 



4.4 



5,7 



0.0S 



7 



075 




0© 



aas 



2^ 



a3$ 



t.6 



0 



0.1 



1020 



1920 



1020 



1920 



1020 



1020 



1020 



t020 



19(20 



1020 



1920 



Key: 



a 
b 
c 
d 



Frame load 

Number of simulated frames 
BCCH+DwPTS only 
Full load 
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Table 5C: Channel A of vehicle, mobile velocity 250 km/h 



© 















© 


3 


3ja 


0 


0 


1920 


2 


3.6 


0^ 


0 


1920 


1 


5^ 


02 


0 


1990 


0 


0 


0^ 


O.CS 


1020 




'1 




0^ 


0«0S 


1920 




•2 


t3J 


1.6 


0^ 


1020 




3 


0.15 


0 


0 


lOlO 






0.} 


0 


0 


102O 


©, 




at 


0 


0 


1920 


0 


0.35 


0 


0 


1920 






0.9 


0 


0 


1920 


... » 


2 


1.T 


0 


0 


1920 



Key: 



a 
b 
c 
d 



Frame load 

Number of simulated frames 
BCCH+DwPTS only 
Full load 



Table 6C: Indoor channel A, mobile velocity of 3 km/h 







m 


• 


P2(%] 


Plotl%) Pel%] 






0 
0 


3 


G0.1 39.9 * 


39.8 60.2 


ai 


9S0 


F,: BCCH ♦ O^PTS 


0 
0 




60.83 39.17 


33.24 61.77 


99.06 0.94 


960 


^ F,: 


0 
-3 


3 


7&95 21X4 


20.63 79.37 


99.S9 0.41 


950 

* 


. F,: BCCH ^ DvkPTS 


0 

-3 


3 


76.3S 23.6S 


22,9 77,1 


99.3 0.75 




V FirBCCM.-O-^PTS 


0 
•3 


1 


74.8 25,2 


23.4 78.6 


98^ 13 


1 980 



© 
© 
© 
© 



Key: a Frame load 

b Relative attenuation (dB) 
c Number of simulated frames 
d F,: full load 

F2: BCCH+DwPTS 
e Fi: full load 

F2: full load 
f F,:BCCH+DwPTS 

F2: full load 
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Table 7C: Vehicle channel, mobile velocity of 120 km/h 



1 


7U~ift(t 


(05] 


8NR 

m 


Pi|%! 1 


P2|%| Pc2t%] 




Pol^l 




© 


r-r. 

P,; BCCH*-0\vPTS 


0 
0 


4 

• 


73.6 26.4 

a 


26.1 73.9 


99.7 


0.3 


960 


© 


Ft: BCCH * CKvPTS 


0 

-3 


3 


43.4 56.6 ' 


£5.6 44.2 


992 


0.6 


960 


© 


Fti BCCH OwPTS 




0 
.3 




43^ 56.8 


55.5 44.S 


987 


1.3 


960 



Key: 



a 
b 
c 
d 



Frame load 

Relative attenuation (dB) 

Number of simulated frames 

Fi: full load 

F2: BCCH+DwPTS 

F,:BCCH+DwPTS 

F2: full load 



Brief description of the figures 
[0044] 

Figure 1 is a diagram illustrating an example of a scenario in which a mobile station of 
the present invention receives the signals of a wireless frequency transmitted from two adjacent 
cells sharing two different PLMNs. 

Figure 2a is a diagram illustrating an example of a GSM signal multiframe in an 
intermediate/small size BTS. 

Figure 2b is a diagram illustrating a GSM basic frame and the mutual FCCT and SCH 
bursts transmitted in time slot TSO. 

Figure 3 is a diagram illustrating the constitution of a UTRA-FDD basic synchronization 
frame and synchronization channel SCH. 

Figure 4 is a diagram illustrating the constitution of a UTRA-TDD-HCR basic 

« 

synchronization frame and synchronization channel SCH. 

Figure 5 is a diagram illustrating the constitution of a TD-SCDMA basic frame and the 
burst constitution of a data general-use timeslot, as well as the burst constitution of the DwPTS 
timeslot. 

Figure 6 is a diagram illustrating the standard of TD-SCDMA for sharing various DwPTS 
synchronization sequences, scramble codes, and midambles among different cells. 

Figure 7 is a schematic block diagram illustrating a specific base station transmitter of the 
prior art. 
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Figure 8 is a block diagram illustrating an appropriate MS receiver for executing the 
method of the present invention. 

Figure 9 is a schematic diagram illustrating the initial cell search of the present invention. 

Figure 10: Figures 10a and 10b illustrate two power profiles with respect to the frequency 
scanning of two different frequency steps. One is equal to the channel bandwidth, and the other 
is equal to half the chaxmel bandwidth. 

Figure 1 1 is a diagram illustrating an example of a power consumption frame of a 
received signal when measurement is performed by means of an MS in each frequency step. 

Figure 12 is a diagram illustrating a spectral table used in the method of the present 
invention. 

Figure 13: Figures 13a, 13b and 13c illustrate various types of frequency errors before 
and after correction and between normal operations as a result of the method of the present 
invention. 
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Key: a 



Prior art 

GSM (or IXS) downlink synchronization multiframe 
TSO-CO channel 
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GSM (or DCS) frequency correction and synchronization burst 
Frequency correction burst 
(148 bits) 

Synchronization burst 
(148 bits) 

1 GSM basic frame 

1 timeslot (0.577 ms) = 156.25 bit period (3.89 ^s) 
Fixed bits 
Encoded bits 

Synchronization sequence 
Encoded bits 
TB = terminal bit 
GP = guard period 
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Constitution of wireless frame of synchronization channel SCH (prior art) 
First SCH 
Second SCH 
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Constitution of wireless frame of synchronization channel SCH (prior art) 
First SCH 
Second SCH 
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Frame TD-SCDMA (1.28 Mcps) (prior art) 

1 chip = 0.78125 ^s 

Data symbol 

Data symbol 

Midamble 
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TD-SCDMA downlink synchronization - scramble code group and midamble 
allotment standard (prior art) 
Scramble code ID 
Midamble ID 
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Maximum 1 6 phase shift pattern 
32 scramble code groups 
Only one selected 
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Simple BTS transmitter (prior art) 

BSC interface 

Baseband processor TX 

QPSK modulator 

TX filter (RRC) 

TX filter (RRC) 

IF oscillator 

First carrier transmitter 

Nth carrier transmitter 
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Simple UE receiver 
RF filter 
IF filter 
Buffer 

RF local oscillator 
A/D converter 
RX filter (RRC) 
IF oscillator 



RX filter (RRC) 
SIM card 

Baseband processor 
Terminal device 
Spectral table 
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Abstract of initial cell search method 

Most favorable frequency list 

Priority order list 

Fine frequency scanning 

SYNC detection algorithm 

Frequency difference minimization algorithm and TCXD correction 
SYNC and selected cell carrier 
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Power envelope along TD-SCDMA frame 
Acquisition window 
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Fig. 12 
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2-step frequency error when there is no correction 
Determination of correction error 
Correction value 

Frequency error of normal operation 

Correction value 

Absolute error 

Related error 

No correction 
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0 ) t ^^^ts'T^ i^)'^m^ h.'rzm(r) ^/ ^ u y l-^ i;: -/ ^> '#1 ^5 . ^ <?) ^ a >^ p V 
'/j^ Sk ±i^tiiit S 'k{::)Si\^^^'^ y< - T- m iS iiXs mi SE IF^I JtfJ >< a x p ^y b ( n w p T s ) zo 

^j- - tr" X 5- A' ^-"^ i-mm'y - ^ > (SYNC) i^ . V > V m R m 

m -fe >'U o:> &i m i?-? k 1^: )3iJ -4- 6 iir /i- 7 - ^ vii U ^ y h '7 - ^ </? {J: /I] ii L /j: is} \c ^ v^ 

■r . W fx. {M X y ^ ^ . R F P - ^ fji^' '1^:-^ , I F V ^ /U ^ , I F p - 50 /U 

ijis m ?is ) . 7' -j- P y r ^ jft Ji^' (ADC) . blxi^ ^ ^4 T h fz, «f fejt ^ t^- m m 

- X 1^' p 't: -y - R X ) 1^ tr ^ # Ini T' i^j o T . $ b . - o c/J) f: ^ ix J,::X .h 
y \y-J^W\ l«] ^ a: iiia ^ •/:: -r - ^ i^f^i' ^ ^ D ^< y y r i^<y y r) t . :^y<> 
K >^ p y ^ ,1iiJ fJ|i L . m * I o:> ^j] m ± jv -y- -~ -7' x x y >^ fr 1' -5 '.^ 7 - 

X r ^ ^ 1^ c ^ # e!( i: ^, ^ m 

[ * 1 7 ] 30 

SI if?l 3^1:1 1- tiii (0 # 

iVi ffi JiiO iK ?glc 1ft JISI: , ?Ht«a^ ilS n ;^ /u ^ <g ( R F p - -56 «|{ ) i T ■:h u ^ 

^ t k a . T -y p ^ K /^ "A l/lj iife y ^ )v (1 F :7 ^ .^u ^ ) c/;> ^^K I:: ^. H< 

iWP^r p ^f'v;? ^J' /u^Mi^^m (ADC) rt. mji?ii'l'IK)i?3«i?^ :^ ^ /U:^ (1 F >^ >r >'i- ^ 

iW irQ ^ =^ ^<yy r yy r) . r "i* p x v> /u 1ft (ADC) 0^ T I- ,1^ 

( J b , ^. «i i^il »:) Ml X h tt ^iV m 0) r 9 )v t :y h ^ ati l3g 1- ^ . 

mi E ifi'l * JJi ic rd it w ;.>5 {c :fD V > X V 

i5SSlJi?3«i{?S2:lftiF^f4*;i:. S (c , geiS * n x ^ ^/ h 4- x a- ^ a'^ <o flfj E 

35 1 (7) Ji?iJ SC X T :y 7^ * )t (1 Jfi 2 <7) J^i) St >^ T- :y 7^ 60 ^^ -f H L fc o T ^i?^ nj m. it 

m la] n m. ic ( t f p - /l- ^ ) it . -< - x ^o- k ^ ( r x -7 ^ >'U' ) 

C) -V ^i'r '\' > i!5 ix n c?:) ^iV fti & >^ 1ft ^ r ^ ftj *S ^ 1^ if r i: ^ ^t^ 

\^m(n n an St M 1 

( 0 0 0 1 1 

:^ 3g lyj . #^ \% m y x y- </> !Hj' 181 L . »:) jji «i . ^ ^ a p I— > x 7- u \c 50 
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:fo T J9i -t )v "^---1- k M b -h mi&.x/n' m m ( m s ) (o m m ^ . 

[ 0 0 0 2 ] 

Ji^-^-^'lt. 'L^ /I- ^ a o S R W i6 id . U S ic X X ^ y ^' - ^ y ^ ff 

hti^a o -t: e> ^ ij ^ ^ jj? 4- flii jc: 7-' 3 - K ^ ^(n± ju^t 

r y \) > ^y 0->m it [C-^Xf^X isl m m t3^ ^ i" -5 o Si fj: 3 111: P L M N ( <^ ^ ^< 

Ji^^^ y V - i/ iX" u h \ i c Land Mobile N e t w o r k ) ) t;: J; it 

, -^OPLMNft. --SfliSFink JSC#(?) IM. M N ^ix ^ <7)4tja ^;ijn X /c 4^ c> i:-^; «:» . ^jji^l 
o "C (1 }5> /j: ?i Ri3 ai 5 ai tw /j; s ^ 

[ 0 0 0 3 ] 

L -C -6 0 li t it 'J- !J li 3 o (?) -f- /l- , t tSiip-^US 1 gii ^ 'C ^ yi^ 1 t . 
liS^ri^i' 5 2 oc^>-ir /UX' (fo 6 -fe 2 & O^-t yu 3 <!: o 46 ii? i" -5 /jM> ttt <A l^M S 2 355 -fe 

/I- 3 Id it ^ n T -5 . /HI . 13 - ^- ;c ^ I. c -^^i-i W B T S < S- fa 

JS Jlli Ji^ ( B T S 1 t>' B T S 2 0^ Ji. Ir^ m X \^ K:> . ) ) {I ;i ^ a 2 o (7) % /S P L M 
N >^ -r A , 'J- /ji P L M N ] & LK P L M N 2 * i , i: B T S iSr W -4" -5 . M S X c?) T 

V 7- -f m . 2 o c^;> v- X r A \z m m 5 ^ fs. '6 ife m ( am- y r ) /i^ ^ 

<7) R F y U- - A c?) •^^ ill 6 o P I. M N 1 (i: , C J3 M A ( -J§- 5> #1 ^ ifi 7' i^' -tr ) fit {C 

2£ < 3 G P P ( m 1iL- ft ^< - K -j- X y y r/ c/ .X ^ h ( 3 _ r d Gen e r a t i o 

n Pa r L n e r s h i p P r o j e c I ) ) UMTS ( ^ ^< — # ©J iili '> 

T A ( U II i V c r s a 1 Mobile I c 1 c c o m in ii n i c a t i o n S y 

s t e ni ) ) A 7- A 0) - - o X h h o li?! ilE "■)" 5 3 G P 1> c/:) ft (C , — -t/ ^ (UP.) )iJ 
(?) U T R A ( jx - ^ h;- Jiii ,1- ^km,\%m. ( U n i v e r s a ) T e r r e s t. r i a 1 
Radio Access) ) > y }^ ^ iiv t A: <> /j^ 5 « U T R A ^l^i {i: 

. K i:) i:) ( ifi) St ^> iJ^I : ifi iJj <is (Frequency D i v i s i on Duplex 
) ) 2i r U U ( fl * 'j^ -m r. tfi iifi ( r i m e Division Duplex))^-- 

K c?) irt /Jn |J|ii R 1^ «L ^ Vz: -J- ^ ^ 3 . 8 4 M c p s { M e g a - c h i p s - p e r - 

second) F D D ^- K . W - C D M A ( JIa ) it L T }3I h 4x T #J <9 . • T 

0 D - hMl . 3 . 8 4 M c p s (7) 1 1 C K ( :y ^ U - h ( il i g h Chip K a 

t e ) ) A' -/ zs > }kn \ . 2 8 M c p s c/^ K C R ( v U - h { 1- o w Chip 
R a t e ) ) >j- •/ V' V ^ fS^ , ± ir . I, 2 8 M c p s <n # , Mi i^g K)kn 
C W T S ( II ^Kt a ii M ^ ( C h i n e s e Wireless T e 1 e c o m m u 
n i c a L i on S I a n d a r d s ) ) o:> ^< - V ^' - \:_ X. X it- In] xm%^ X -6 

o ;!x 1^ J: <5 r D - s c DMA ( n 'A - Ivri 5?l c D M A ) ( H T r) t LX 

)31 if:> h X ^ > 7- A c w T s M J; 0 3 G P P {c l^L^ ^ j!s n C *3 9 . ^ o:> iy A 

It. ±{cmmi'y^±/\^v\]XBT so^mm^' t <:>t:hf). ^ikmo>iy<?^ t si^s: . utra-l 

C R - 'I^ D D <t |rj| i: ij^ ?}i U -\' ^ ill i- P L M N 2 , T c^) P L M N , i" /j: Ho h G 

S M 9 0 0 M H ( 4* ©J m JTi (?) i/ i:» - /U '> T A { G I o b a I S y s t e f 

or Mobile C o m m ii n i c a i: i o n s ) ) , ^ '^^ > X r A {Z M iSi L it D C 

S J 8 0 0 M H /. ( V- ^ /Hi: /u V - •> ^ -r A ( D i g 1 t a 1 Cellular S 

y s t e ni ) ) , GPRS ( f& o:> /< *r y V n< ^fA^^Y - >^ ((Genera 1 P a c k e 

t Radio S e r V i c e ) ) iic 1/ ^< >/- 5/ h 7- - ^ ^ ^3- *!11 '^ tJi \C t ^ ft if) \C C S M 

IC H ;;n L fz. K G P R S { iX ft L G P R S ) ') h (O - o ^ ^ - C * -6 o P 1, M N 

2 T' . f H K A c I O' f H K A c 2 f~J^ X ^ B T S I ;A B T S 2 (CI J: o 'C ili 3^ 

n 6 2 o (?) - =3 > =v -v y r <[: i- -5 o ^ - ^ y y r itfe it^l zii r tz if^ <d \sl 
^\o:> y ^ m, m m l x . t ^> -ir >'i- r- iiu ^ b <5 G s M -V y V r (o 1^ y y h \Z 

X fli h Jti^o P 1. M N .1. xci. ± /L- W 3 o c D M A A- -v V T M II 5 -T) t 4^ < 

(ti ^ n ^ , G S M (?) ^ y X ^ jii !|IJ , P M N 1 IZ. %t L T ^§ m t J 6 ^) f3 C /j? < . P L 
M N I it , J. M N 2 eh it f,c U . h ^ y 'i y 0 / y > (c i/lC i: X mm Ji^ t (i^J - ill it it 
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[ 0 0 0 4 ] 

E ^0 iifi m- :4i /a . mffi & t>'*fl s: T liii^ ^ iS! ^ /c . ;i mmmr^^^m^ ^j: p l m 

N II SI] a r -6 o # t» A CO 315 1 - 4 (c, m^Li:::PL}Ahimo)±xo:>wyA^'mik'&i^f^^^if> 
X h^o ?)) -fer f- - ^ (^iJ: 19 . ^ W fv: 4r T *f ^ r. ^ (c J: o T y - h $ ( E) 1 io 
f j- 5 <K ^t' P L M N 1 Iw J: o T ) ii tR $ n P L M N CO ff- Jj? nj fife /j: /k?;) y ;< h /j? # 

So ^ o y >^ h 1? (t . M s li . ^j-s y h 17 - ^ d ^ (7) # a & 1/ - t' ;^ ^.t -r <s 

r ir «r /T^i-ffi isi v^-g5^llff^^^/: w-fe ^iai?<i- 6o ai^ 6':>^ju*f lai T'}!«i^-r ^ ^ v - 

<!0t«i^fc555|?-<C'5 M s {c J: 0 n ^ ^ mm-^ - It . :S:m U it t^- =1 y a- y r 10 

(GSM) ^ /"i II - =» > ^ -V ^^ (CDMA) (7) i/^ ti C7 — ^ ^> -f ^ r ^ ic J: 

o T ® it mS ffi y ^ h <o 7 r y S ^ll^ * ?H ffl c^:> 4i <?> L r S /j* , a§ tR $ 

H tz P L M N o r <?:> < lb <7) # o tf 0 W M -fe - c?:) ^< V - lit il n . - 

M S II .J; o X t7 J}:> -5 o M S . ;^ r A ;iS ^ |S tl X A fi? ^ iS ;& <?Ml </) =^ 
y y r 4: «i ilj 1- 5 AHi o T as t> o T Jai Sffi ^ ^" L r V Wjr /c . M S 4V a§ fl^ $ ti P L 

M N » ®j ir^ «v i^^j ^. r (?) R f a- ^^ 1^ - 6 w ii 6 o r -y- - ^ ai it 

^tziblZ, MS 11. M S <1H 4- uj fg 1^ ^- ^ jfg |.J: ^ y ^ -^^ ( S U b 

s c r i b c r I d e n L i i y M o d u 1 e ) (C . M S ^' ii4 |C Ui:/J {1=^ ^ "^t fz ^ II 

« $ ;lx P t M N liJ: o T fa: )]] ;^ Jtiit ]) T ( tE ffl i!5 H ^ # -v y 7 sT- "J ^i: ^ A- y 

r -y- y^' -tr 1- 5 ) c;) y >^ h ^ isfl ;t tft -r ^ r <t /j^ -e -^^ ^ « ^ ife ^ 151 i* fc d , K n 20 

-tr II All la ^ r 5 M S . m M ± /^ ■»> H It :!:) -5 iilg M >ai ^ "i? 19 ili iJi ^ m 
[ 0 0 0 5 ] 

*jfj fi J: ^ m 6t&v^rmmi:mm n ^i- ^t. n . m 4^ ^11 ^ -< & u m % i- 

i2 yi- -y- - ^z-. ^50: JRii (I o r L IS: i- ^ ^^^^ ^ ^ 2 a & t/ 2 b 11 g s m 11 m t . II 

3 U T 1^ A - F D D il m L . |gi 4 1:^; 8 . 8 4 M c p s f :» U T R A - T D D fi m L . :^ 

IJSJI 5 (1 i . 2 8 M c p s to U r R A - T O 13 & T D - S C D M A <7D :^J{ II IS 1- <b . G S 

M fi; . F D M A ( ii^OJi ^ n # fi T -tr x) tit ffi ii: t/ T D M A ( ir# ^> ^ iS T rJ' ir ;^ ) li 

» <7) II as -:5 r ^ t> , U T R A A , ^ Sir ± ^£ n 1 fz i6 li ^ < ^'4 ^Ij: ^ 

-T- rli ii?> c 1.) M A ^ M ^ . liJt -tn w j: n , c i) m a (i . K i ^ - -y- h 'j^ h n 5 30 

X /< > h* K t' h h y - A i^:) =1 - K ^ An 1-iJ irr 1' -6 c <!: II J: ^) # «b . y> h y - 

A , K '/>'^ b U b ^ K 2 ^ HI co fti; ffi •> - >r :x ( K i ^ K 2 K 2 K -e »> 

'<:> '/)>h . - - c:> z:l ^ -y-' o w ^ - K J: ^3 1> ^ < ^Jr Jlx ') I <i: "^C # 5 ) . '^-^ vsl> 5 O 

V S F { n^i: iS2 "f t^; 1^ ^- - K ( O r t h o g o n a ) Variable S p r e a 
ding I'^ a c t o r C o d e s ) ) {I J: o T 5i: ^it '5?- # >v yj- — ^j- y ^ y >- >/ L 
tz. h ^ m t?i ( as rM ) i- 5 I <!: II # <b ix 6 0 iJM' flii P II J; o T ^ij ix ^ (?) -f- v 

I J: U^-X -^iX. til $mi iA <7) C D M A V /V flV lis II *A m * 5 o C D M A <i G S M 
>i . P j^^ i" -6 C D M A i2 II m i: ji'^ m ^ iit JH -e # <S /5> b . C i:) M A li . -fe: : 

In1 ± ^ \>c. m -J- -5 V; II X. T ts:^ > -^T 1§ ii^ ^ t« ffl L T S o /I- w iSS -3 -C m '^i 

X X ¥ V-J (mi d a m b I e ) O' ^ 7 V ^ /U ^ - >^ {- li^j ifH <^ 40 

U o y V i/ — ^ y ys'/)^^ liS IS- 'J- ^ -t: lii] (/) (jl »i| S: -5 ^6 li > x r A li m \i^htiX 
^ . ^ y y y (?) 1^ ^ v'U V :7 h 2i !B: ^ U /:: jirJ JO) y 

^Um^^^m<r)fzify\cm\^^hn^6. I?i:| 2 a II I;); , 'P ?S!i / /J^ J3 T S ( % ^tii ) ffl (/> G | 

SM(g)3-^/u^7 u-A<o - L C 6 o M V /u ^ 7 u - A , la 2 b II ^ i- .3: 9 j. 

II ] 7 U - A ^ 4 . 6 3 5 m s Jit ^ L r 6 1 (?> as 7 U - A ^Sr ^ . F . vS . B 2^: tK | 

C II . -^e W Hfi -C . la S - =3 V 0 CO ^ >f A D 1^ 0 II J: o r «fi iS- n ^ (7) iTilJ I 

IIP ^ V X F C C H ( jlH] il^i ic jiJ' jH -V ^ /l' ( F V e q u e n c y C o r r e c t i o j 

n C H a n n e 1 ) ) . S C H ( r&l Wl -V ( S y n c h r o n i z a t: i o n C j 

H a n n c 1 ) ) . \^ C C\-\ dk^U » ^ v't- ( B r o a d c a s t Control 

C H a n n c 1 ) ) . & T/ C C C H ( jl- jID (iifl tf" -X' * ( C o m m o n C o n L r o 50 j 

* 

\ 

* 

i 

> 

1 
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1 C H a n n e 1 ) ) >7< 1*o F C C H & 1/ S C H ^ > H V ^ A' ^wP 4* SI y< - >t 

h^m2h{z.7f. Lxh^c \^ C C H h {-i ^ ^ iA' - >^ h ^ S: fg t /:: ( S !>' ic 

J " 60 1 4 2 flS (0 W ffl /.f y h ^ ^ if , S C H /-^ - h (± . ^ :/ y .'I- {iL (i (w ft 5 6 4 

h 60 " I^J »i - ^ >' ^ " i 2 X 3 9 iig t' y I-' i: 1^ o s c H - x h , 
\cu s \c J: y) ^ c c ii h h s ^ >^ o h Minx (45, 6ms) ^h. 

5 . L iTc o -C. g!E I- 1=1 B 60 ^ p 5^ ^ ji^ iiit ^Sr §J' .iH L /i ^- ^< ^ /HI . S L i^i - ;^ h 60 
il£ m rlffi !5iJ 'C ^ <3 0 ^> :y b '7 - ^ {C iS" r ^ ir >^ 6 . ^ /cl^ T ^ K Ji-ikmo') ^ t G 

s M ^- /< ^ (/) m mwnicf£hr>Xs 45. e m s 6o ig go t)^ tj: o r 5 « n& 5^ it 

5/ h 11 . 7 u - A S F N ^ M- i& t ^ </:> ic dc^ fj: m^^^^^. m m M M ^ ^ r ^ -ti* . * 

Tc. ^y^-^ ju{L:i%m^£B S I C 7 - K (3;tl&iS;m)3U - K) fiS jS- 1- S -fe 

BCCH^-vyT;6^^-!^— trv^i^yU (s e r v i ng c e 1 1) oy B C C H ^ ]) T 

( t' - > ) ^ IX gij i- 6 o B c c 1 1 ^ -V ^ - <I5^ 6<j !>: f$ Jfl $ -6 y •i' y y y ^ (?) >^ 

X tiif » , 0i( X -t: /I- o:> f- A- ^ ^k;:) #m , -< HI* M iSr ff 9 RS. 1" -5 -t: ;ko B C C H 

•y y r (?) y ;^ h . p - a y y 7' 6^) a & t/ -tr >'U at jx ^Ji U f4 ii lB)j ft: (7) < o 

y<v;^-^s T6±^^-^ B.* . 7' K ^- - K 6^) M S iz. 4^ it <b ®J {1^ -'^ 7 > - t^' & 7 V 

/ A r -fe y< 7 / - i: Ui^i' ^ it \z m b ti ^ , c c c H r. iftj (0 -7- -y f± 3 

O (7> y ^- -v ^wU- ^ t?r ti* c ifi" 1 {± A G C J 1 ( r -fe: X n- ^wU ( A c c c s s G r 

a n t C H a n n e 1 ) ) , m 2 i'X ^ D ^ o:> P C H ( ^ — >- ^ ^- -y 4 (Pa 
g i n g C H a n n e 1 ) ) . R ^ 3 It T y D ly Jl- $ H -2) R A C M ( v > y 

i> r ^ X -V (Random Access C 1 1 a ii n c I ) ) X h ^ iPI 

Hj- - -7- <0 ^ Jj^ l-^j 5 PR . ^ > ^^mkif^ \^ - ^ > W^^^X h ^ Z. b ^£ C C H ^- 

•V ^> )\- J: g ^ ix tz 4i -S^ (c: (1 . M S F C C H -v - -7- & B3 ^^i L . ^ -> 'C 

^^ tc . iSi «!t # N ^- 1 C- ;^ A' > 1- -Si^ o F C C H -7- -\' ^ >'i^ ;6S «J m ix tc m . 2 o 
FCCH;Scr/SCH5^A'^/i't::J:^1J5t7^n'5Mulitimi^ 

. y :^ P h T 0 & U« 7 U - A to 131^ Jfe ^ -BJ m i" ^ , L /j^ o r . F C C 1 1 . S C 11 

t>' B c c H 5"- -v 60 /N- - 81- ^tij i6« iiT fjg <b ?i ^ , n t> 60 -v ^ b t s h y 

17 - -c . t i {c: ii: ynj- - 7" , iig »^ ^ U< W tR . ilfe t>* fc: /n y K /l" - ^< - 6^) 1:3 W <D tc ^) 

ji^-L r « ^ H 6 o ^i- f =» > ii^a «t ^ 6 - aifl li , i^9cm f>>: y h 
ti . iHK ^ n f:: -i^ yw (J; . -ie 6^) B s I c ffi ^^t w fi: y ;^ h h 7" 60 4 -\' T (c m M t 
^ h o:>o:> - o -c h <j o 

[ 0 0 0 6 ] 

1^1 3 . 3 G P P U 1^ R A - F D D ( W - C D M A ) o:>^^-4:m & m »] 7 U- - ^ 7T< $ 

r V^ -5 ( 3 G P P r S 2 5 . 2 11. - 3 > 4 , 2 . 0 ( 2 0 0 1 - 0 9 ) ]) V 

- X 4 ^ # jRU ) o y ^> V y y 7 U — A ( j: I 0ms T' h ^ . >ir 2 5 6 0 7" y c/) 
:i 5 ^ A X p h T S 0 . • • • T S 1 4 t:: iS i" -T) 3 8 4 0 0 7- y y ^ 1§? c ^i- y A 
X n 5^ h « iS- 60 2 6 6 7- y 7^ fi . -fe - 7- 1^ iil! iH ^ n ^ y '> y y y ^ IftJ j?] 7- a- ^> S 

c I I i'lj ^=15 r t> <s o c) s c H 7- -v /u , c) s c H >it li? as 2 6o s c h 0:) 2 o c/^ -y- 

•y^'^^^ji^ i)^ b ;i3c <3 . n *b (?) 7* V y - > (i . ffli (7) Irf: ia 7* m, yiLX to b i'' 

^ y ^ X U{ J^s {c: v^ T ^ ;k: (?) ii; 1% 7- -v h \K »ij ^ <5 r <b Z)'^ X ^ 3? 1 ^) s c 

H . m I o^mm ^ - \' ( p s c ) 1 4^ $i; co 2 5 e 7- y r <D m m - k f)^by&^ . ^ 

(7) =3 - h' Ii . > X r J^ <r> if (O -br \ci^\,'^ x h m i: "C h '6 o 2 <n s c 1 1 (i , Jfi 2 en m M =^ 

- K ( S S C) t 9 ift # 2 5 6 7- :y y 6^) '2! :u ^-^ K ii^ ^5 . (^:> - K ii . J 

P s c !:: jfc il^ij ic: as <g ^ n ^ . s s c =3 - K ii . i = o . i . • • • 6 3 x ^ 7 v >^ /i- 

- K y ;u - 7* (/) # , k := 0 . 1 . • • ' 1 4 ;65 y A X n y h # *? <3 ^8 »>: . C s 

* ■ t'Jx^iX^, $V S S C =1 - K ii . 2 5 6 (7) '3 O 1 5 6?) tiS c?) - K CO |R »b 2S 

$ ti <j c C tfi 2 6/) S C H (?) - y X (i . ii: /u 6^) y y y y ^ X ^ ^ > /u .-n - 

J@s -J- <!) =3 - K y - y 6/) '? i^j </) ;h. iSr /7< 1' « (Ik (?) Hi -5Jj 4^ ^ ^? ^ y > ^ (liiJ Sil 7^ -y * /i- (i , 

® .1 CO A- m y< 4 n Y ^- -y ( P - C P 1 C H ) 24 jK 1 6^) Ji^ iiQ %\ m 7' y ( P 
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- c c p c H ) -r- *> ^ , 'rfjiioih>. p - c p I c H ^ -v twu- (± , 2k 1* as 4r 1- ^ o /i- 

hit. ^ - ^(ORU - r>tL\i (O Y> - C P I CVXfj^h^ . ^fl\t. ^fe T ^7) -fe yU t>l ^ t T St i£ $ 

-CP I C H t ^wKi , -tr yu CO X ^J' ^ >- y K ^ v'l^ r ^ |x gij i" ;5 ^^!^ 

^ . P - C C P C H ^- -^^ 4-^/1/ , B C H ilJ fi ^ -v 4^ yi- S: r ^ ic Jfl b i^ ^ lilil >E 

- h SO 5^ -y ^j-WW ( 3 0 k b p s . S F = 2 5 6 ) -5 o S C 1 K P - C P I C H » 

tK p - c c p c H f- -V y^ X -B) »i yu 1^ - f"-- c?:) it a6 ± t?3 -tf ic v^ r 7 /u C7 t- 

ifttgS triJUH^^iX^Jo -fe/HZ-f-J^WJ-r t) ( 3 G P P T S 2 5 . 2 14, /"^ - a 
V4. 2. 0, 2001-09, yU->^44r#j]«. ).^ix^*tix:^i'>;^4x^j^ai&it 

^ rj y l^ig 591 : gjf i CO >^ r y (?) IfU . U K ri . s C H co ® i w |61 m^- V ^m^^X-^ I:: 

?Pt 1- ^ X n 5/ 1^ W\ JtJJ ^ # o m il . ^fe T O -fe yUC iifi (7) P S C =1 - K Sfc i" 5 »it " «0 

^ Sfc 7 ^ (ma t c h c d f i 1 t c r ) {tm{^Xo:> r y< ^ X-^l{cMt> 

5 o -tr yK^:) p y h ^ ^ V :/ ri . & ®: 7 ^ ^ c:> m ;j I- ^3 l^ T - ^ 1« lill* -5 C i: 

i: *9 n I:? H 5 r ^ jo^ -e $ <5 « )j . i± m ^ m tz. t j: -> . u E 0^ m m m m & m ^ 

i- 5 (i: x^ 

^ T y y 2 

y AW^im^U^^- </ /I- - '/l^ >j'j : Jfi 2 X X :y y O l/« . U E . S C II <?> Jfi 2 (?) 

(Bg n - K ^ J¥U^ r 7 u - .i. }R] Jffl iSr o it |i; L . 95 l c?) x r 7* T' # H Mr yu ^ - K 20 

>/ - ^ ilj^ 1- -6 o it ri: > fiii 4^ S S C >- - >5r y x J; 5 ^ ^ XW m \z. J: o 

X , K A c^) iiy ^ »t| i" ^ :i ^ l:: J: o T fi' ^-^ ;M ^ o 'y- ^/ :y ^ ^) y >y y 

V M\ n X ^ (/.) e . =1 - /u- - y ;^ 7 - A m m i^ Si- /f ^ ti 6 ^ 

-X 7- y y 3 

X ^ 7 >- yu - 3 - K a SiJ : ^ 3 & r>* ja fi* c^) y^y- y/ Q-y |ig , u E (;): , ^ n A: tc: J: *) 

tfe J« ^ ^) .TP. fife /j: %\ ff>y^O y > "/ ::i - ^Sr >f -j" -60 -Jb* 1 c') x ^ y y y yu m I ' \t , 

- U 2 (?) X y- y •/ Iw 4=3 r a'ft KU ^ ^ - K / yu - 7" -e C P 1 C II ^ L r . v' > ;J< 
yu fix ( s y ni )3 o 1 - b y - s y 111 b o I ) lc J: 0 B'J ;lx -6 . M 1 c') x ^ y yu - 
K a >W S n \k . ^\(OCC P C M /;> J^i /.U ^? . B C H ii? «i ^ill (?) X r A >A 0« "fe 

,^ Mi bly^X ^ h ^ U E rJ: . 'j- - 6 x ^ 7 ^ yt- =3 - K I:: o T $» 30 

t -6 Jfi -& . i: ili c'.) X X y 7* 2 & t>' 3 ^ fSi 4J !c 6 c: i: T- ^ <b 

I 0 0 0 7 I 

n n c') X v > H yc ji^ i«i IS 1^1 i- -6 17 aj @ 5t i'l fvV: x h e 

So 1)^ ;li 1:: . I q:> 'y y > y ^ - V if^ # i'c %\ to y x h c 1^ v r -A' y T [z. 

m i" '6i><oxP> '6^ m ^ s c: 11 ^- -v . p - c p i c 11 ^ * yi- 23l t>' p - c: c i' c 

H ^- -v 4'^ yu io r y< 9 - Ht k -) t Z)'^ X ^ o ?;J ^9) t: yw i^" - Iw C . ?B 1 co vS 
C H ^- -V Ji^ fz (;: ffi a 1- ^ 'S: ^< !7 - <?) i?t M J: <P . 4^ (?) Sfe m ^ A- -V <?) li^i 

[0 0 0 8 ] 

|g| 4 IC, 3 . 8 4 M c p s (C: It 3 G P P U T R A - T D D C) 3$ >K U M Iff) J8I 7 U- - AO 

Js '/)>yT< il X ^ ( 3 G P P T S 2 5 . 2 2 1, - a > 4 . 2 . 0 ( 2 0 01-0 

9 ) y y - X 4 ) o ^ (7) 7 - A I j: 1. 0 m s M X- iio "9 > # >!? ^'j'S 2 5 6 0 ^- 7* (0 1 5 ^ 

A X L'J h T S 0 , • • • T S 1 4 M <!) 3 8 4 0 0 ^ y 7 ^ ^If o S C 1 1 -V 

M A<J rJ: . 1^ 3 (/> U T R A - P n D i: 13: li' U C -5 « S C W 7 - A I J: , 8 m Jti it { 
T S 0 RX/T S S ) ■■■ o c^) i fa n 2 o <7) S C H A X p :y h ^ ^ o • o (?) ^; 
1 f> S C M ti« 3 o (?) ?B 2 (7) S C II it n X'h 6^ ?fi 1 t?) S G 1 1 & 35 2 c^) S C I 111 . ^ 

^ a y h ^mttit^^hmm t t r s c t sr t -6 o ?R 1 f) ji: iifi m m m v ( p 

- C C P C H ) it . ^11 l"j m V (PS C M ) iSr 81$ «'l 1* -T) h <3 fi/: ( ^ A x a -7 b 
/ n - K ) IC i-iJl: b tt c & V * ^^ ( B C H ) It. 3!ii( i36 > x 7^ A & -fe yi^ \A (?) +?f « 

:it L T P - C C P C M -J' -\' ^-^ yi^ t* > c5 i i /c V ^ >^ Jl- )1 )S V X h 50 
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'4>c m'j^o:> ^moyfztbl::. 1# o >r - -> a > ( ^ ^ A o h , =» - K ) o:>(^m'f' \ 
ju(t^ t' - V 4# «!: {►TMi ii ^ # ife tt ^ 1" -5 o - # 4- ^ -5 4^ ai -v 
, b' - =1 y ^ ^ j^-wu ^ ;h, . fc" - :^ o ^ - g > ^ it b 5 o (75 f - ^ v 

n >r - •> 3 V II , S C H ^Ji^\C X ^ X ik^ ^ ^ ^ o t' - ^ > -V twU c^:) ^ fiv d^J y^j * 
. t' - =2 y m iii . ;t bf - =i V a ^/ - a y (n S ilft /N' 17 - U 4- -fc^ 

X ^ - =1 > ^ /HI . ^K- Sii :7 1/ A ic :fr- ifn 1" ^ 6 o aE J: 0 

. P ~ c C P c ]-] \z - =1 yVf i± ifr W 5 ^ Xi^ a o 1^ - fMc B8 -5 (Sg o , 
-^r n ti ;^ =^ -y V $ n ^ )^] ilJi ^ic fc: :Ji5 1> r . 35J -fe yni- - ^- . iOj © . mi u T R A - 
F D D o i^} ^ (c: 4^ ;^ X 7' <t I^J m o:> 3 ^o>:^r y'/xnt^ix. h y y - V h ± Ji^m 

[ 0 0 0 9] 

la 5 J- ^ T n - s c D M A y ^ - ^ >i< ^ i^l X ^ ^ t?> 2S * "-^ u - A ( 3 G 

PP TS2 5. 221, ^<-v?^i>4, 2. 0 (200 1 - 09) ]) - :^ 4 ^£ 0 m ^ 
) it. 1 0 m s <7) g£ JW Ra ^ W L . 5 m s O 2 o (?> 1^ >^ :7 - A :5> ijRl ^ H -5 p 10ms 

7 - A j|- 9 ^ C'^ 1^ y -7 U - A O 7 U - A fi? J$ |?0 i: r* ir^ S , U- - A , ^- 

rL - N * 7 k - ix -C 6 ^ ^ 5 m s U- - A {1 , if' - ^ 7 ^ A ;< p 5/ h ( 

T S 0 , • • • T S 6 ) . jJll X. T D w P T S ( ^ ^ > ]) > ^< a y h 9 ^ J-s :^ o y h ( 

Downlink Pilot Time S 1 o I ) . G P ( 3£ ffi 01] ( M a i n 

Gua rd Per i od) &tj«UpPTS ( T y ]} y< ^ \o h :^ V3 h ( 

Uplink Pilot Time S 1 o t ) <t I ^ p * # O 3 o (O ^'f »!] a .y h tw 

1^ ^> S'J ^ n 6 4 0 0 -7- 5/ 7* ( T c = 0 . 7 8 1 2 5 ju s ) ^ ^ "T <j o T S - S C D M 

A I j: , ^/ ^ > }) V ^ & 0^ T r 1; >' ^ CO 3? A ;< p 3/ h o 43- & JfA^ ift ^ L T >^ y -7- y 

^ y 1> ^ ^ « jijc -r 7^ z t .J: o r . -^^ - K ;A O' ^Ih -Hr 1^* -c ifilj 11^' t ^ z t 

X- ^ <3 „ « iifc ^3 V^ T , /i: < t 4) ■ O <7) ^ ^ A rJ i/ h ( ^ ^ >^ P 3/ h # 0 ) /j^ ^ 

r> y U y c^:) a6 ^i?d a T b ti . ^> 4^ < ^ (> - o ^ a x « > h /i> r y 7" y > i6 
( ^ >f A X p h # I ) m X b tt ^s: n it /j: /j: p |g| T ^ (?) r - ^ - 7x h 

O V S F 1 , 2 , 4 , 8 -/i Ci: 1 8 ) isSL X ^ y y 7 /u- r:i - K O <^ ^^ tl- C' jlA {& $ n <S p 
X ^ 7 y y /i^ - j.' 7A 3S * ^ ^y'/ju=i - K rJ: . ± /u- f^^ T' rJ; '')^X;^^o r D > -i^ 
^ ^ M'A a y h ^ i' ^) K 1 (?) inj ^ ^11 ^ - -U' (1 , J3 T S ^ K (C :jo ^ T JHi ^ ^ > 

- Y CO K 1 yy iw< - y 51 > J: T n: v> (c: |5C. >j(j •>/ f,-^ c ^ o ^mo:> M F O W P 
T S /< - X h , (* »l BiJ G P & t)! y ^ y y y ^ (?:> 7 A M j^3 i^b tt ^ 6 4 7^ 

O S Y N C >- - >;r >- X ^/J* o li) 6 1^ . h t o:> Ifll C . D w P T S y< ^ p V ^ 

3 2 *ij fti »r life s Y N c ^> - y X , 3 2 o:> mm^" y > "/ « Y ^/ }\^ — 
. ^ lis - K ^ " 7* (?) ^ :/ y y /KO li^l fi^; . & t/ K = 1 6 (7) ^ y-T' ;u > 7 h ^ ^ 1" 

^ i/; </) T D - S C n M A (/) ii; & gl it^t 1" -5 o |g| 6 . S Y N C ii^ t/ i!S 5; ^ y ^ /U 
Y if ;u - 7' 1 j^-t 1 Id Ijg L r v> ^ 1)^ h . U E , ^ c?) 4 o (?) S * ^ ^ y y /u =3 - K 
til iil ^ <S /J^ ^ % i- <S d ,b FJ ft? ^ n o. ^ L T . U E (i . h 7 ^ 7 - }fi 4* 

y y /u =3 - K . 7 y - A ^^ L 'C ffl v^ ti> n ^) p ^i- 2^ >^ ^ ^ y y /u =3 - k x ^ 7 y 7' 

^ - K |.^J 1" ^ . X ^ y y 7' - K c?) T [% lai Xli T- il^^ <S „ 
[0010] 

1 CO iM^ iS Hi") S^) 4^ 3f^l ^ -^' 4 /i^ ( P - c c p c: 11 \ SlX^V - Q C C 11 2 ) , II aE W 1 

6 c^) 1£ ia 7 r ^ ^ , ^ iN X p b T S 0 Cf) 1 c^) 2 o (/) 3 - h' ^ -y /U ic Xir A<j \Z. v 

y t' y i!5 ;ix <j o P - C C P C H 7- -V yu . «c t;) -Ir BB \z. Jll 1)- <5 7' y r ^ - 

y IS file tc 21 m ^ n ( d w p t s c^) j: 9 ) e - 3 y -r- -y *> -5 0 45( iJI -v /i- 

( B C H ) (1 . is S-y X -r A O'-t /uai! iB m $li x^- L r P - C C P C H l ^- y ^ CK 

p - c c p c H 2 7- 'V ;^ /K;: 3/ t* y ^ n /c / ^> y y y ^ ^ iin ii^ m -v /u ^> <S p B 
c i-H:): . i£ ^ y y - K ^ ?g 1 to ^ A y 7 Y \z X ^ X '^thh^ tz. ^ ¥ > zf ^ - 

K ^ Ji- ic a* T s 0 v> -c yk ^\ ^ K 5 o ilfJ ^^P --i- - 7 y - A ri 6 w y y - :/ $ 
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/J: B c I ! y P y q:> >r — . ^ ¥ J^^^— K (C ijy i" ^ D w P T S ^< n y V 

<?)QPSK [ggflafiffifi^aSH*^] ^^^S8(c J: o r :^ $ n^o «]a«"i:^n/-f-f^iai--6Bil 
«9. 3GFPttti^ (TS25. 224, /<->^3V4. 2. 0, 2001-09, yU- 
X 4 ) J; Jx i±\ »j »1 -fe - f - . - ftj 4 o (7> :y y t^f :b ^) c 

D w P T S - - !9) ir - ^ Si c') 3? i 7. -r y c?) t«T > U E , ( D w P T S 
o:>) s Y N c & /lU^ -C -fe: i:: M 1- S n w P T s 1^ »] ^Sr S p c ti* , 9 ni/- ^' y 7.-^ y 

<b j1 «^ ^ ;K 5 5: m U S Y N C - D 1. -g^ & t" ^ ' O 

:*/i(;i:«ifac^:)r ''<H' X) fi: , r <?) (.1 fi<j (?) :r- ii) fO! J1J ^ n ^ « r ^. I'rlK UEfi. 3 2 lo 
o-yr^imf^ S y ^ C - ^ y 7. q:> 0 h o:> ^ ix-fy^ fili flj $ ix 5 /j^ 4r SSiJJil 1" 5 2S & 6 « - ')j . 
wftl^ ( 0 . 1 p p m) ^SS^i^i" J: 5 (c, u E ffi ip^B ISS il£ ^ ^ f 5 r ^ 

7. i/ y > y Ji^}kxy^m-^ ^ / > y /i^ a - K USs - -SJ Jt/j -t: /^ - mi CO m 2 7. X -y 

. u E i-J: . k # 111 (7) 7- - - h <7) s: y y >'i' & t/ lili 6 ^ 5il 

i* -6 o Ji:: L t V y 3 - K (/) ^^ ^ c?) iji \z. l o c . u \i \tiiko:>7. -7 y -/ iio 

. "± ^i: 7- y y 1 ic: M 6 w ^ T- ^ , 
r y y 3 

(liij IJji ;u - -7 w - A |ni 19) - ^) m -ir - ^/ii Jiil o:> oy 7 y- y o:> Kij , u l-: \t . B c 11 20 

(?> - 7 1/ — A CO M I B ( -v X. iS? — fl^ y i:i y ^ (Ma s t e r I n d i c a I i 

on B 1 o c k ) ) i£r -y- - i" ^ « c^) * Id L ji^ T . U E (1 . ^v:> T.'r v ^ 

Ji^ , ^ (1 X r- -y y 2 M ^ C ^ T' 5 . 

<X T y y 4 

B C W c/) Src H \\\ L o (7) "J: I > < o w B C H ic (t 6 ioL o (t /ii \\ k. ir ( '-ft ^ 

/j: ) a m tiir ii« \\\ ^ H -6 . o:> auc L o r . u E ri . ilS jj'^ y v (c , 
■it m -fer /nj- - ^ «r r i- ^ ^ Ji^ -c # ^ o 
[001 1 1 

t$ W ^ < 0-^ %^ \i\ \% , X' j^^ 'C lis i:' X ^ P L M N -g- „ 3 

G I> ^ c/:) Z <t (X) ir 7 >^ ~r /x l:J: . i^- 0^ m ii; < g & fi^ /j: *'r 8S 1" <:> . 30 

[ % IJ« W »i) J 

[ ^ ir^ m & L J: 7 1- -T) IDIJ M ] 
I 0 0 J 2 ] 
ffi rt<J iJ» Si «0 m 

*J % 'br yw - c?> -1;- •> > K (so vj n (1 ) # %l ^ VX . v- A r ;6> IS^ {;: 7. r A fi'l ^ 
;A -t -5 /i ic il3 -5 -V y r o K # in sffi ^ ^ ^ - y o:> m jg /j's L T t 

i> 7 i& m(D^/'- 7 -^^ %- & t ^'d^b ^ m^i ^fc p LMN <D m -w^- ^ -c . w htz -^^ \ 

y r c:) ± X >^ > 1" ^ o ^ y h*' mt^ 7^ =v- -v > <s tc v y r w /< 7. jfe ( p 
a I h 1 o s s ) ic o l^ X c/:) iE m X t 6 ft¥ 1^ 4 X. -5 t X ^ ^fj^h. m 9c mJ<L 'J ^ I- 

^" ifl f£ y - JVh -r ^ - i: X <3 « L /i o X . ®j i.^ii ll . 0^ }c to X -Kfe ^> 'iO 

c^:) ^ /j: < t> - o fc:^ - =1 > -7- -v * ^'i- 1- 113 ^ -J- >5 ^< 7 - Aid •) . t' - ^ > ^- 
•V t> c?:) ^ i\\ it . il iiil ^ ii ■/:: 1^ l m n \z l y!)^ o x t' - v 5" a- ^> ;}ic ^ :ix ^ d> x c^;) 

o 35 2 t?:)4^=B|!a}ik^ri, .<-xy<>' K 7^' ^ 1g ^J- Bll 1& ri^j /«f IflJ »^ 

:i ^ X ifj -6 ( ^< - >^ 1- . ^ P y h . 7' 7 U — A , 7 U — , V yu -7- 7 1/ - A 

m m it . \^ % \'k ji? X R t tc p \.u\^\z,^m^i\^ y y ^> 'k m Mij as tj- § 

. K ^ a; 1^ 1- -6 t JJ: -fT x -6 . 

• G S M . F C C }-I & S C M <7) jiq jii , v^/ \z. f^i > V- u \c Jl- iM -5 Ih) iFi] JP) -'^^ ^ 
- > & ?^IJ \\\ o j!« b Id . S C H 'V Ii . S tS ;fx 6 F C C M & S C I I kT - y 5r 50 
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mm t ^ ± ^mt ^ fz 16 (r:> B s i c sr ^ ^ 

•3GPP UTRA-FDD&1/3GPP UTRA-TDD3. 84Mcps;^-y*> 

a > II . >' y ^ Id *5 ^^ r . ^ fls >^ r * iii 1- 5 1 s c IMJ' y ^ -V /Ix t ipj 

mi.X ^ 7^ n y h mmk^ii^^ . ^ 2 c?) s C H & tJ« C P I C H f - -y ;r> /u >f:ij /fl L T -l? ;u 

— >; (eel 1 - based) 0:> 7. y y:f :^ — V ^/ J^^ — RU^^ ' O") 0 y 1/ '/ 

•3GPP UTRA-TDDl. 28Mcps:?l*7'':^3>^"^/ifi:TD-SCDMAri:, 
-C (?> -t? feJ 3 2 D w P T S ^ ^? y > ^ Wh> - V JX jflj ffl "t" ^ « 3 2 D w P 

T S 'y—'^y'AO^~^:>\±, ti^ctioy :^ ^ y > y /u :3 - K ^/ - :/ & u< JJi - c:) ^ ^ 5^ y 
=1 - K ^ ^# 5 *!) tci . »}l - (7) (c W»I S T ?> it 5 . 10 

10 0 13) 

m m -tr /i/f* - (7; -T- ITt 'J it . i'f ^ ix Jt -V 'J r t m zm(r> 7s ^ y^r- y /J* hfiSi^ 

. >^ ^- 7' . =^ -V i; r «7)ii^K. iS yy -fe t?? ^ ^ i^Mi 1" -5 =i -v 

oy m m . - ^ y ^ 'V ;i^o:>^± ii* (d^ jv m « \c ^ n -5 v - iil c;> 3i ^ a ii^p 

-\' > 7 X ^ II , ± ai to P I- M N IC o V> T 2 0 0 k W z -C -6 o tT- A- « /j> /j: ?) *J 

4^ <b o i* /jr ^ . G S M (1 2 0 0 k M z , 3 G P P U T R A - F D D ^ t>* 3 G P P IJ 
TRA-TDD3. 84Mcps:^:/y'3>'ll5MH2. 3 GPP UTRA-TDD 
\ , 2 8 M c p s >J- 7" > 3 > & T/ T D - S C D M A (1 1 . 6 M H z T' 5 o V ^ T (?) 
fl^ 11 <' (C fr n 6 ir^ , fc' ~ > - X o -liJ |J:i {X . fi' L ^> - ^- y X ^ K %\ (?) ir' 
- y ^< ^ _ ( 3: ("J: 3S c) ^ - > ) i: |S| o:> fii IB l\ ® i" -6 |»j j&? jfi:* ?g (c: )i -5 ^ !E 20 

{v- ^ 

' c suin^i^ , hf - =1 :^ ^ yu- c^) -y- - -r- . 8 - ^ p >>' h n x s cii f- v ;H 

yw ^ L T -5 P c C I? -V ^« ^u- J: o T . /j^ /j: t) ii^ iHl $ n 5 o F C C H to (J: 

(ci ai S C H Wi k% . mj <r> J? c C H Ui 111 i- ^) J^ifll 159 •> > K •> h m & it ^ 

fx.^^ S C H ^ - y CO 1ft H-i 3sJc o B C C W </:> u - ix o:> o h ^ ^ a y'. n F r 

0 m Ml <5 B C C I-l v yi- fr- :fJ i*j <3 u - l^j , R U fe'i ^ L T ^< c:/ - ilij /ii' fife 
/j: 6 o G SMi^ ^'7 JisTl:l. *J /u 11- - 5^ rJ: ifi M 'C ^) m Sj -e 5 « 

• 3 G P P U T R A - F 1) I ) ]k 3 G P P U T R A ~ T D D 3 . 8 4 M c p s 'A' > 

a V t?:) J^e . 85 1 (?) s c w , tB \ o:> - i* /t*^ j: .b J5: i ^ <L- (64 h c: 

Jt-^r 2 5 6 ^7- 5/ >^') S tK S C H =5^ -V 4'^ ^1- Sr It t^^ ^i^^ Ml & ic iTI jH v t^ ^w- r? ft; L /j: 1-^ ' 30 

t fj^h. G s M J: ^ h ^< v h^^ zo:> m » /j: iHL ic t yj^ h -f , s c m Hi m n . ± 
f*: X x A <;> s c H />" ^ - V ifi. ■ it o:> 48 jO^ If r- , 1^ ?)l rj<j i:: U ii$ im -x* T ^ z ^ ^ 

5 <. f ) l}i fb (Tt . # ^ A X D ^ h ( 2 5 6 0 if- y -/) a) S C M - ^j- > A (/) Hi t JO 

. «i 1'^) o .7;^ ig^. 5g ^ 5 c - - y. ^ A p y 1^ m '/>^ ^s: -^ix^ t . ^ f> /i- f ) C )' I 

C & ■(/ C C P C 1 1 tr - .-n y cr;) fl} li ^i? < fill ^0 r :y '/ Iri . m Ki B] ^ ^ > V \c J: o T /j^ tt 

•9 /^ti 14 5 c >t Ki <iA y h rd ii* 'J- -6 C P I Z Hl (/ C C P C H ^< »7 - aifi 

ie^v«sri<j -e*j gi^i-^ur. »j jgi -fe: ^'L' y- — , g s micri lt nife isiff ic^^jRi^.^-c 

' 1 . 2 8 M c p s 3 G P P U T l^i A - T D D 24 O' T D - S C i:) M A V X X A c/; Ig IS' 

. »J «l -12 -y- - ^- -f- fei: * c?.:) # ISj sUi Ifc |:i l^ r s " D w P T S " <?> X -7- y (?) /j^ :7 U - .-JO 
A (7) -Jfe f^c W 6 4 0 0 f- y ^ . 3 2 S Y N C -> - ^/ > X 6/;) 6 4 i/- y 7" JS: c/:> -i^.- 4x \\ o:> - o 

t75 X {z. n IM $ Hi* -5 J: -P Iw U K \z. ® * i- -5 . C Iff ^ x ^ ( n - JSJ life IS x 3 2 

[0014] 
^ 60 13 fl'O 

^ W o:> d-: /j: R ri<j ii , t n - s c ?:> m a u« ^ r o:> Wi ffil i* -5 x 7^ a ^5 1> r dl- i: ^ ua 
<^ fig »j m -ir -y* - yii 4' >r< c t (c: ;t^> <3 « 

1 0 0 J 5 1 

* 35 m c:> <ili c:> 1^ il. - y y h v y r s ^ n ^ii & c^) i^il iii ^ S!i •2> ^ Hi' ji- -^J^ <s 50 
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[0016] 
{00171 

* « oj] 11* 25 U< g i if 

mtt\^m^^ySL't ^ fz.y> . j^%m\±. a* ^ ^ - a u j: 9 iw wj - f - a? ^ 

^ (7> & 4- >T< ^ e ^ h\z. m o:> %\ ^ . E ^ u - A .T^ L J; 5 ET- m * 
Iffl c':) a ^ X-m-f # ill/j iiii *3 6 . 10 

[0018] 

• 13- M * ffli M >T< L J: {c , fljj Jy m\t, ii /i^ o ^« 111 i6 (/:> flil IJS x 5/ ^ Id 
^ tr fitj . la ili c?) « T Jig ait ^ >^ V T 1- 5 o ffl !MJ r y :r A ^ r < . 
i2l ^ ix •/! 17 - ^ d! i: y:: ^ iJ' h ^ ^ *U JiH- <s r ^ ic J: «9 . c') W fejc lig «4 

-5 . m ^ Hi -C it . & ^ -V >- ^) y- y y'\t. ( G S M f C C M JkXf S C I I - p< 

h . ;rc fi w - c D M A 2i 0^ u T R A - T D o - w c R 111 m m^i^^ - s C W /< 

- h CO J: 9 /j^ ) «v '> X ic J':- iiB /j: p v h -r- •^' ^ J: , fl^ ia o ^ 7- ^yT" T' ^ 

-jr ^ y ^ y ^ ^ ^.^^ miDljUi CO J; 9 /i: *jj J81 iiHl x :^V- -v y "Oi^ T . a¥a rJ:g>& 

$ n T ^^ /j: o >j< ^titztn m m m fi , ^ h (7) X X l^ T ^ ff) T' ^ *9 . m 20 

p h {i: . ^ m m k ^/ ''J > 0 \z liv] % i?« ii* -y- E ^ fili 'C n > It • o-y iRl 191 

y . 1 n 1 -fe Id M iiii L 1 m i^j i« - > X -6 o «i 7ji $ n a.^ c?) li 'm 

> a if 1/^+1:1 li^i & 'i^W.y^'f y'/\:.^^\^X 4 V - - "/ L 4^ (.^ d ^i: 'C 5 . ^ 
. ±X(3i:>^mWi'i^^(r>^^ y V o:ih-iy^m.^k\.K><nx ^ Sk m y y L X y r > 'C h ^ 

2 - y -ym an ^y^^- -v i^it. x ^- A' m '/>^ <f ^ m m tc ^ o:> -^j m 0^ - m it \c 

J; i') T D D J^:JI n X y A fc 1,^ L . Jt- iilj P y h f)'^ # ^f. ^ ^ i'l b c?.) v- x 7' A II 

S, 1^ i^il -t ^ d 1' ift^ T' § . Vj - ^jj ^> {1 CI: , ik^Jnc 2 - 'AT y y'')^ i&^^y^^^ > ^ 9c f 
L . ^ L -C, fll 1^ Iw n f3 i& r ^ -Ir -y h <b . ± x r A jl: iin (7> Wl 

X 1^ s C I I h 0^ IM c^) 111 fi^U- i ^ d <!: Id J: o T , »J JOl -t: -"-i* -7* {± W-^it ^ ^ '<;> Z. t Ir^ X 

^ -5 c G s M c^) ^^ , d </) 91 ris li . iji - tij p^i x -7 y t ic b s J c X c c 11 30 

•:r- y ?® ^ . * , W - C 0 K4 A 1/ U T R A - T I ) D - H C 1^ -ft- . i^J hIe /j: 2 

(?) S C H ( ]. 6 ) 0^ "C ^ \z. aj jg^ #1 159 X f y /J> £^ iff- ^ n ^ . A- <7) i!g ^ Id . (^1*: 

ffl 1^1 CO i( . ^ T n - if .J; «9 1> «9 /J^ ^ v^ , >!v ^6 lyj (O U V ^ ^ JUi (1 . Ik VJ- ( 

(c y u - A ) <?:> - ii£ c:) 118 lia I- o v^ x ilf fiiii $ ^< v - o:> Hi m o:> ^> *r ^ ^ ^/ii m 

(i, ^>x 7' A fd *3 TitfeSWtw p ,y h f- v L <c v>/j^ 6 £»3? Iw 4* ^« 

[00 I 9 1 

y< y - m 'fiiizmi' ^^m^) s - x /< y k - a ( 5 m s ) m y^ ^ y y x \^ titi 

ili'iih'^ H tc in it . -1^ oy ^ A x «:j y V oy m m q:> x >- w y p y \c •/ ©1 
j^' ;lx . ft '/ p ii' ^< '7 ~ /j^ i?l- % ^ n o -r^ 5> ^ A X p y 1^ c?.^ A* ^ ^ W '/ ni y ^ \± , 
T D - S C D M A ifi li /j! 51 ^ «5 1* -6 o ^ <n T D - S C D M A -e . P - C C P C H 40 

& u« w - 1^ T s (1 . 2 o </:> p -J" <j ^ -^^ x n h 4- (if , ^ ^ ^ Sll ri^j \z. "!E 
i- 6 d ^ J: , mo:> v L M N jig 1^ 1* -5 d ^ -C * ^ . -i- jfeV ili , »7 - 31 v u - -/ 
oy m W I J: > H ^L: m Id m n i>iJ W: <!: ^ A X u h ii-l - o > -b: •/ h ^ ^ y i" -5 

iii^ i}k^ t?l: 1111 T' h - K :7 \Z. 1- -5 /l^ b . ^ •< A X P y h \C o it :r, > ^ P - 

a. < it i' ^ ^ X t£\^^a ^ X h i± - t' X /•< - ;^ 1^ J: 1, jifi S rJ: <Jl v^ . T D - 
S C U M A J.:i (7) I» L M N IC -fj' iJi m It . l"i jW - -Jr >- >^ (/) jgi fii] (?) /> /j: < t h -l'^ -^J 

0)^ 1:1 y ^ S: i -^nt 6 3£ ifs -c -5 o r c?:) s sio ri . lil- % $ Jixf:. ^< y - =^ > -< u - <d }^ - 

A Id h o 
[ 0 0 2 0 J 

* m m (d J: i'L \t . ft X -y >- ^ n v h r td o i> t . y u- - a c?) m t> lai *y p 0 o:> 50 
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- fl . M s c^:) X ^ h -7 - y /nc f» Jrt $ tt , ^(o^mz^ y \::mmi"6 ^ \ 7 
it, y y ^ y-x^m^^ m c&mt^s y 7 y y X ^ ^ (\^}o:> D r o:f 

MiX*^ 6ho:>'X^h^o m l co -tr ^ t/ 1" ^ -fe {c ^ 5> H fc: M S IPg i: ( 

5 v^;^ r A C D M A - T D D X* ) fs* L T 1/^ ^ ijg- ^ , M S-^J: . ^^cifi^^^Jga 

^' tS a L r . MJS(0^juf)^h§:m^irifzm^o:>^ jjf 'C ^ >'< 9 - ^ aW "f <S „ ^ ti f;t 
. ±X o> ^ ^ A u h {CM LX }^ X ^t-^ ^ o ia -y !; T , 2 o co -lr yK?; - H b IS 

* i L T ^1= C Ac J; 9 I- X i&^y o y ^ o:) /< 9 - X . M S <r> y^ ^ ^y h 1r - :/ yUdi $ n 
^ o 2 o CO -tr /u- « * ix Ac A' 7 - (7) ^ gj- II , iiS A!) St S( /65 H « ;li ^ m m ^ ± (f 5 

o w co^ig-C ^5 X. t . mUcmm^T y S y N C - K(?>--|-:»/j: 0 (-iy#M:(^ J: 6 10 

2 o c/) -fe: yuo S Y N C =1 - K <b . H- 4^ :^ d ;^ - ffi F^J ^ c/:> t ix 5 « mi^-^ ^^(^^^ 

0 > D y ^ mmits iJT] <?:> * . « m ac i: ^ ^ as r- /jr , ^ ix ic /J^ 
t>b'i\ ^tiit, iRp »c , 2 o o yK?:) B8 »c ?& It f> ix fc ix if* i^j <75 T D D >^ r |c 

(c ill /j^ m T <S o w H^j T- , JiU T FA -5 J; 9 !r . 7 u - i^ Ifsj jffl ic J; 13 , J: 
9 ± (c: ?K ^ ^ ^ c i: X^ 
[ 0 0 2 .1 ] 

/(^ IjTJ o:> 'Jj fi; , Wj i? yu ti- - tr- (c ii L /c »f Ac IP?-fS t L T 7 U- - A (/:> " ^ (1 <, a 

d ) " (^J- :/Jll ri<J tC ^ A i- -5 o 7 U - #i m m it . if^.i^ oyy [z H) X ^< 9 - y ^ 

P - 7" ^/C /i 6 HI n . ^ C^:) m ^f. 11 . SI- ^ iS^l tl y< 9 - y.\^ y %y ZL - )V Y 0^ yjf ^ A 

h -r - y yu (c ^ r fij fc ifr Vj) b n r V ^ -5 ( 11 .1 2 % Busy # m ) o ^ is At' <7> F -c . 

<?> ^ 11 . 7 u - jc *5 ri- ^ < o c') >y A X n Vh^\f i>--X'h^'h'^o:>r ^ rT ^-'k. 

5 . " ftt i^if ( U n 1 o a d e d ) " y Ms\t. J: •'J W^ \f^m ^ 4' L . " .ft fi;/ " y U 

- J>^ X. ^) h "^{'kni 0-^ >( J>. A a y V f£ is ^ 20 (7> -v y y' ;6> , ^cti^cH i^^-y o y 'J 

o:> w\ \:.y<'y - '^'^ir . J: 9 (a v> <Kf it? c^; y r cr) ^ ri , j^j (•j<j ic - yi. ^ ^ 

1^ T y -f CO 1^ m J: iii^ «/y> ^ ^^i? ;/JII $ tl: . Aj: < - o c:) ^ -f A x p y h { D w P T S . 

T SO) . J& il: Ac a- :k: ic iii 7 - ffi* tc ik <1t ^ <b , 'J* "7' rj 5/ ^ 

L Ac i^ij iiii c;) ii ^ i{0 \l , Si K ^ 6 f4 itir <?> 7 u - A -f 6 o Ir ® "C ^ "7 u a $1 

fit ji rl #. /j^ ^c ^ * L . ^ /c (j: M s -t: it * /j^ fi *x X ^ /j^ . K co 

yt' 1^ ^ ilr "J; 0 'S' Ij- Ajr „ ffc $ H Ac -t: yu si; Ac fi IS tfc ^ ^£ H Ac is y^ tffJ X (i . ^ t 30 

v> -fl <J{f lis o:>y V- A tJ: , m i: # c^:) tr - y p 4- ^ , 0 X ^s: \/> iiJ -& rJ: . "/ p y 

ij/ !7 - u ^ - yu K ilg X. . 1'^ ± yu j!)^ >c $ U 9g 13 tc -5 c (c J: - ic 

4^ 6 r. ^ -c 5 /j^ <b . V? - m 1i ic \t m fWj: i> o 
[0022] 

T D - S C I) M A CO J: 9 (C . II* ^ 2 iS ( T i jn e Division Duplex 

(TOD) ) -x— I ' ^ ;yi * (c L Ac r ir ;^ > X r A Q \t . v v - Jx ^ ^ X y if i^j \t 
, T- /J- (C L . fll- $ ti Ac h 7 7 y ^/ '^ Sk^ & iB lc -5 Ac i<) W 4 4# IS X *> -5 o 

^U-A^^^^^liiJJSjli, ^^'hy-'^^cOBTSOy^Pi/h, A, JU y 

- A i Ac /N >f y< 7 u - A IS) (c li^ ^ i- -5 c: ,1: X -5 « ^ -< y^ u y V jRj J8I II , fiS 

ifS -fer /HC It ^ 2 O CO ^ A P y h CO Jit ^Si y V *C W -^j- ^T) ^ ^ A 7x P h (7:) ?lt ^j} 1; V 'lO 

^ c^> i^J S- ^ )i 'J- >3 o 7 u- - A Iff) Mit. r y y ]> y <^ ikxi y y ]} y 'y )j i"j /> /j: < 

b i>m^mo:^± LX&:'£^^f\.^ z. t ^{^Uri- \nm{z.^ S{t^^<'i'yv {|g| j 

1 0^ MSI) \n 0^ yu ( -Ir yU 3 ) (C ri' It i-l A: ^ii < <0 fti ^ yU ( i (?) M S 2 ) IC j 

J: o Tf{a*ii*cfitc4 b AJ:^^ J: ^ ici- 5,. aiiJiflp yu - 7 u - A R jOJ ci , R i: 3^ ■< 7* c/;) gi ! 

•7- V /l^ ( f^iJ X. }rl . P C H , B C C H • • • ) ;6M^J i: ^ A - 7 ~- A x 1^^- \1k (?) ii^ yKC J: | 

o 'C ^ n ^ r ^ ^ ftl m 1- 6 u w ;ix ic J: . iifi 1* 6 i7 7. r A tiV Sift -Sr 1$ /iS 6 <i: tc j 

rr i- -5 r i: 4 < , M S ic v> T -ir yu Pf fti 11 (?) iiS ai "f it <c: ^ o 7 u - A ^ 5: y j 

m m i . m^-^ c?> ^ ^ Ac I-J; a -a- -U- -C it r& 1- <:> C i -e -5^0 i" ti: b . lit] i: m Mi A c?) j 

* flfj C 2 0 0 0 7 Jl 2 4 H iC jJiV m ix II # Hi W O 0 J / 1 7 J 3 7 IC IJH Tjc $ ix I 

r ^^ 5 J: 9 Id . - :/ yi- ^ ^^ L T inl jgj yw- x ^ m r -5 c i I- J: »:) . CPS ( G i o b a 5o j 

i 

I 
i 
I 
t 

t 

I 
I 
t 
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1 Positioning System) ^mmti^\^ B T S Sr {ffl x_ . \^fmmmin^ 
^: tkm-t ^ C t X 0 . i&m {- BB^ ^^J\^i:i)ini L T :^ iMc ^ pa "C S Jlk c?) 1^ 191 k 
^ Z t X ^ mfHir '6 Z t t>^^t^ 

i^m ^ % m t ^tzy)(ojk8i0> m m l 

[ 0 0 2 3 ] 

'^^mo-ys^Wi \t Sr -^f T' 5 ^ % X b n . «ft f]- o:> Vt- SI- * w ^ ir^t 1^ ^^ T 4* tf: $ ;h. ri^ 

So * 5§ ii . ^ t?.^ a i'i<J 0^ iS: ifr <t I- . ¥ I- pa 'J! B I'i'J I- 1® $ 5 ^ ^ i> 8s M El 

ffij i * I- gft $ i% T ^ t" 31 ^fe m c?:> P JHI >i Sft W «r ^ IS L r Sift? S r. r- 1 6 » 

ft ife A : * 1. A 4 A . ® W 4^ P L M N Id :lo T <i fb ^ iX fc m i& Wi ffi- ftE f:> T 

f )• ^55; 13 : m I B (1 . m m m ^ -v i^:>yi^^o:>».y) i^lw^^^ t o 

i^mc : m \ Cfi^h 1 C{ts r h 83 J>i in . tK * ilR & <Sr r h -6 «a 

fSi^y \ v- a > ^ f< ^ 1^ o 

[ 0 0 2 4 1 

?s lin CO a:- * «iJ an ftft "JJ 

in 1 h 6 f-J: . 1~ ir m c5 ^ T <5 o 1^1 7 rJ: . tiC ^.1^^ i^t i^rf b t s m ^ m. i-s it 5 fliO 

<7)/jti^$l6^li-iiK«/Sc^)-»(l4r>T< iSfSM . ir ^'i- {c. io T iilil $ yji =^ -v r 

t In) i: f( -y y r i& m <^ ( c a r r r e t r a n s m i t t k r s ) 1^ ili 5 

t3 h /U > -ir — ^ liUS ^ B S C (Base Stat ion Control 1 c 

r) > ^ -.7 .m - X ^liirrPo a* rmBm\t. ^xTo'>r^fhm&:>-/ u ^ -^^ts. i^tc 20 

*5 i> . -< - >^ y< y K 7- n -fe y ~ T X . Q P S K ^ M ii§ > »^ ^< ^" -V -t^ « ( 1 ■ 

6 M 1 1 z ) (r>X< \l C ^ ^ {?\^ — V \^ y<^*)i. (Root R a i so Cos i n c ) 

) c; 2 o v:> ^ m tsiT X y ^ . i F ffi^ ( r >^ ) . Jjii DJ: .5111 (sum) . ^ tJ^ R F 
- T X ^ 1?r ij^ . ^ - X /N' y K y t/ y - T X 11 . y P h .-n > 'ir - V/ Sr 'S L . fl: til 
(c tie o r ^ n f> 60 ^ -tr - ^Sr Bll 1- ^ o 1* . ^ - X :x I-f u -fer -t;- - T X r.t , h y 

y Y 7k iliiJ my u - ^ . fel 5 ic o t k - -^f- -v ^> fc; i& ix t:i -^^ -t- :7 

u - i^ $r JjK <5 o Q F S K 33 ^4 Ji: . 2 o <n x X :7 ^ ;u ^ J: »j 7 ^ /u ^ <S >f > - 

:7 r»: - X ( 1 n - p In a s e ) }k ^ > - ''-^ V y '\ ( I n - q u a d r a t u r e ) 

<7> I . Q - ix & 4: Ji)c t -6 ^ I . Q :7 ^ /u ^ y u- - A rJ: . t ^ >'HVj 4' IftJ i^O «S I P 

I- 1^ «^ ^ ;ii . 7-' /t- ;^;v s u M J: o r -n- ;ii- n „ to^ f^i jft , -r x -7 u - a i j; , ( 30 

R X - T X ij)-/ a y i/ {cmmicSL^ ^ nt:.) m iB o:> ^ & ~~ l&iih ^ i: n ^ . »cic^< 

>^ p ^ c?>R F - T X tlSo mmm\&il^in'o- fi , (t) 11:, '7- -V ^w^^IVJ^ .1 . 6 

M M z </) -v' ^ ^/ V2 >^ ^ h e 1^ X y J.S k 'ik m i- Q 1' s K i'^ ^ \\ L -v y r 

-c itb . m- ^^ 1^ F ( m '^m inm m ^ \t . p l m n iiiif fejc c m fs* $ ;m ^ -a: ai.^ ^^tz \ y 

7' s , ( t ) , • • • , s p ( t ) fJr 
[ 0 0 2 5 1 

1^ 8 . % f9=j (?) ID Wl y- - -T* (?> ?i 4: 96 ^ i' -6 <^ ii t U E S ft i£r ^< . li] ?7< 

L fc (,v^ i;)c (1 ;a < - flx^ J^J 4^ {,o:>X' h^ . ^2 IlL M S ^ 11^ 'J, 7^ R 'C ^- ^ o :S ^ fS -^3- r 

( t ) K - X R F -7 >f ii U , -ie L T -e CO *7 ^ yU >^ |g {'i . R F rj - 

^ ai /j^ b ^ 4. ^ fc m ^- ir J; o r ^< i:' y h H <s r -y n >/ ^ -y- ic j: o r . i r y 

^> > '4' tfe ( d o w n - c o n V c r t c d ) ^ ^'V -6 <. c^:) 7' u ^/ \ F (K . K - 

X 1 F 7 -f ^ \z. J: o T 7 ^ /u ^ i'l , 7' p / r ^ /^ ^ {S A D C ^ i£ i?^ n 5 c A 

OCT* IV y O (7> ^3 . HSI: it e> ix fc /^ X r :/ > > fit' o r . 4 < 4> .^J 5 m 

s CO y-' ^ <3 Vi- -t: y 1^ *h 5 fc 4^> <0 X\\ ^j" -J- -5 ;^ ^ y y 7 r fiJfe? $ S o 

/N - Y 7-- ;^ 7^ '> 51 > O M )•} \^ X. ^) . ^ -t- y /< 7 r . m 5 m s X ^ yt- <g ¥r k 

1- '6 fz i/> o>-i^ !& t 'i' Z t V ^ . > -t y ^j' Jik /;t . ['A'-y< -U* X 7 /u i" -6 ) ^Hi -^ y 
'/ k 7\s fc \h ir JN ^> K ^ -y- V 7* /u c^:> » f:i fife i- 6 . y y y ti y i; co ;j <c o v^ r 
, T-' m -ij i'J: . 2 o o:> U ^> IC ^> ft ib ix . 2 o {iSi 4 y- i^' yi-iUiMS Si^ o:> % \ (?) A h \t. 

mh^h. m 2 ai «s A . m ik i f % a? e> % ^i- $ ti fc i f ff^ v^- r ffl / 2 

^ 4 o /i 2 o m Id J: o X /< P h n >S „ 3i 8S co lU ;j (C o T . - 7 - xT 50 
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& ^ V - ^ 17 K ^ c^^ 2 o o ^ - v< V K JiX ^> I , Q 'A^±l^^itl^o 2o(OfS,6>\t. 

] . 6 M H '/ ^ff ifS -e R R C ^ y (73 2 o <0 ^ filli /jr p y< R X y ^ /i^ ^ X r> X y ^ 

^ it -5 « 1 <?> iC t:J: . a - /i^ - :t 7 ( r o 1 I - o f f ) a = 0 . 2 2 S t>* 1 . 2 8 M 

c p s CO y - u — h T' R R C 7 ^ yi- ^ ^- -V /u iiiE B , B = ( ^- y _ — h x ( 

1 + a ) ) iZ-^^-t I , Q -f ^ rJc ^> II . ^ - A K 7' n -t: ^^ - R X i 5 ife 

<;) y p y ^ . c') ^ - X K y n -Ir y i;^ - R X (1 . -J' ^ n d y , 1-^ 

*5 V^ r -r- }M ^5 3 2 S Y N C *> - -{r > >^ 4* #ft ^ i6 W R O M <£r t?r 5tf o ^ - X V 

K :/ p -V* - R X II . S I M - K . & ir 1/* - flj v> n -5 " ;^ ^ h yi^ 

r - >^/u" 9 4i WO ;^ ^- y IdfjS&J^ $ 6„ ^ s I M - Kii. BSi?. 1" <5 ffi- & t/^iV' 10 

ftJc ^iT- ^ ^ tt *Jr U T ^ r y :^ ^ ) * 1^ ifrt 6 « v^m ^ it t i> ^3 -Pi; 

•y rj y ^ {t. m i' /i AT) >r< ^ ri^ S o /si a ^ y > li . 2 o (^:> /n - k r ^ 

7^ ri > iSr S :^ t L r n ^ o tt ^ :7* =i V . fiii JTJ ^ n <5 ff/ iiJc & L . ^ 

^'ix R F & J F iffi fej ,Hi ^ ix S ^ m ^5- R F - s & / X F F - s t ii ij/j "91 

[ 0 0 2 6 ] 

- «^ (I , U E <7) ft isf:> h^^y^- K r |» IC fliij 4^ . T fi^) ^> K 

r> 7 :^ y ?i V «r M rik^ (15 1^ 75^ ^ ^ o 

1 . R F ;a tK 1 1' 7 ^ <7> 2X tl . 1 5 M 1 1 z «V « 'C . ± c^:) i'tf m {-X . i F x 

^ n -5 c r "j* p -r ^ ;u ^ Ife A D C I J: . * < ^ !> 3 0 M H z (?:> ^^ 7" U ^ )SJ St 20 

m '^i 6-}- ^ h m m I- 1^1 i' h^i^o) ^i;- « mmt ^0 3 o m / s t -y- :/ 

y > ^ ^ ;lx 5 m s (7) m - W7 u - ix ( )t rJ: , N J: «9 W- ft ^ ;lx <5 «l -A- i-J: N 7 - ix 
) It. y< y y 7 ^ y {C 11^ jj-^ ^ ix 4^ V) K VI U «b /j: 1 5 0 K Hj- y 7" A- ^ :3r. iiJc 1" -So & 

a -V > {1L . n¥ {illi JK] lUi 3» US # Id -< - y I* «i /c i/; ( 7 7 /j: ( r o u g 

h ) 7 r -< V /j^ ( f i n e ) ) v 7' *C *5 ^ /u I F ^ St it ^ 'A' -5 r 

1 d J: ^^f ^ 5 r ^/ -ir y V mk.h ^ ^ 1- fT $ -5 o c 4^ ^ . R F ~ S (g ^■ 

T- 5 o ^ . # r ^ /u I F ^ JH iJIJ . jl£ at (1/4 M V r ^> T' 6 ) /j^ «b l|x # 
;|x /c • Mi 0)N 2 7^ V? ^ yu- -y* > >^ yi^ 4- <ft ife^j 1- -6 R O M ^:> ift 'C. N - ^ > v -v /i- -y- V 

7' j6> h 1. CO -i;- > r yu $r life 'i')^ Ml L . w N n ^li ^ ^ ^2 ± i' >^ z t X ^ m I- i^fe- n- 30 
ix^^ N 2 c:) ffi li- y 7'yu J: ^; , N 2 / 2 t> /j^ < r ik h X ^ (c L 

3S<7riF,!):Kffl43-^S^?!ii-6 <t /i^-Cd r ^ ^i^iffiig rJ: . C - l> <t -2) ^ ix -?:'4x r 

v> yu iiE li;^ (/) A JUc 2 ^0) m 4- <^ 1- 6 . 

2 . R F tJ« I l^'' 7 ^ yu ^ O :jK rJ: 1 . G U W O i'iV iJjK iSS 'C h ^) , fc it . R F 7 yu i$' 

ifi£ -C »9 J I'" 7 ^ yu -5^ )6< 1 . 6 M I I z (?) iifi 'C « 7. V >- It ^ ( x - - 
ir a y y( y ( .s u p e r h e t e r o d y n e ) ) ff fti 1" 6 «6 i^l Sit -St ^ 1 1^ 'C 'it 1ft 

i- ^ *!) o ( 7 7 /j: :^ fc 7 r V f£ ) x -r > 7" i;: l^ r . R F p - 'Jj /i^^jftUm 0^ m St W 

^ '& >L^^ X 0 \C n n <Stl<bo R I' y ^ fV^ I , 6 M H z ^IV Jijic *6 (/:> <t , ^i^^ t o 

^ R F - S <g ri R F 7 yv ^ t> e> n V U tR i« » ^ » 4x ^ ^ ^< y 7 r / ^- ^ i:- 

\x ^; 5 m s c?> i^i - cTi 7 u - A ( N J: tJ J^J <k i!s ti ^ ^iJ 1^ rJ: N 7 u - A ) f:): . m 1R 'lO j 

^ n yc v * yi- m K>. . -^j-yy V > m m^it.&^j:<ti>'s.2M 
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.1. . 6 M H z V -7 X r >^ (/^ ^ (^1 Ji^J \ / 2 X h ^ 0> \C % L . ^111 ffl I'i'J 4^ ^1 o:> y< y - o> 
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